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11.  ABSTRACT 


Longitudinal,  transversal  components  i  i  well  as  total  vector  of  solar  magnetic  field  fn  two  active  spot-- 
groups  produced  proton-flares  of  7  July  and  2  Sept  1966  for  the  time  interval  before  and  afttr  the  Pares 
are  examined.  In  both  cases,  it  was  found  that  the  field  gradients  AHjj  /As  for  some  specific  directions, 
the  magnetic  energy  H^V/Sir,  and  the  total  magnetic  flux  Fs  +  Fn  increase  appreciably  before  the  flares. 

The  net  flux  *  Fs  -  Fn  through  the  whole  active  area  also  reaches  the  peak-value  before  the  flare  some-- 
times  changing  its  sign.  All  pre-flare  values  are  recovered  after  the  proton  flares.  The  change  of  the  net 
magnetic  flux  with  time,  A$/At,  before  the  examined  and  some  other  flares,  leads  to  the  cmf  ~  108  ;o  109v 
in  the  fixed  circuit  containing  the  active  region.  It  is  found  for  Important  flires  that  this  emf  is  about 
10  times  larger  than  emf  $[v  x  H]ds  due  to  inductance,  as  it  can  be  evaluated  from  measured  velocities. 
Values  of  emf  are  in  good  agreement  with  the  energies  of  protons  generated  by  proton  flares.  To  bring  into 
agreement  the  electric  currents  corresponding  to  such  emf  with  those  measured  from  observed  field  grad1*: 
ents  (j  *  (c/4»)rot  H),  the  conductivity  a  should  be  reduced  to  values  108  to  108. 

The  close  connection  of  the  first  appearances  of  flares  with  neutral  lines  H||  *  0  and  bifurcated  regions 
of  transverse  field  Hjl  ,  as  well  as  the  appearance  of  flares  In  the  regions  of  higher  field  gradients 
(AH|i/As  >0.1  gs/km),  have  been  confirmed,  althotgh  some  bright  knots  of  flares  appear  In  area  of  veiy 
strong  longitudinal  fields  H||  as  well  as  away  from  them,  at  the  border  of  active  r  *gions.  The  crossing  of 
transverse  fields  Hi  peculiar  vid  characteristic  for  flare  regions  can  be  connected  with  different  levels 
corresponding  In  solar  atmosphere  to  tubes  of  lines  of  force  crossing  this  regie. i.  The  strength  of  trans¬ 
versal  field  in  regions  of  flares  can  reach  high  values  (200  to  1000  gauss). 

The  process  of  fission  of  large  magnetic  tubes  of  force  Into  nmalier  pieces  accompanying  the  develop¬ 
ment  of  active  regions  is  observed.  No  connection  of  flare  first  bright  appearances  either  witn  true  neutral 
points  ( IH  I  =  0),  or  with  the  areas  of  minima'  values  of  total  strength  IH  I  has  been  found.  Flares  appear 
in  the  regions  of  high  field  gradient  AlH  I/As  >0.2,  sometimes  above  the  areas  of  tnaxtmal  field  strength 
!H  I.' 

The  close  connection  of  the  bright  knots  of  flares  with  the  pointj  of  maximal  elec  ric  current  density 
jz  is  found  again.  The  map  of  transversal  electric  currents  ji  has  been  obtained  at  rst.  Proton  flare  of 
7  July  1966  appeared  in  the  area  of  the  junction  of  oppositely  directed  transversal  currents  jl  A  map  of 
distribution  of  longitudinal  electromagnetic  force  shows  the  general  agreement  with  the  distribution  of  the 
directions  of  line-of-sight  motions.  This  map  also  indicates  a  poi  sibility  of  oppositely  directed  forces 
acting  on  the  middle  and  on  the  ends  of  flare  filament. 

In  conclusion,  the  difficulties  of  the  neutral  point's  theory  of  flares  are  mentioned,  as  compared  with 
the  mechanism  of  electric  current  interruptions  (Alfven  and  Csrlqvlst),  the  possibilities  of  which  are 
extended  by  the  results  of  the  present  paper. 
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Abstract 


Longitudinal,  transversal  components  as  well  as  total  vector  of  solar  magnetic 
field  in  two  active  spot-groups  produced  proton -flares  of  7  July  and  2  Sept  J  966  for 
the  time  interval  before  and  after  the  flares  are  examined  (26  records  for  the  first 
and  43  for  the  second  groups  are  specified  in  Table  l^^e^lso  Figures  4  through 
10).  hi  both  cases,  it  was  found  that  the  field  gradients  AH||  /As  for  some  specific 
directions  (Figure  14),  the  magnetic  energy  H^V/8ir,  and  the  total  magnetic  flux 
FS  +  Fjy  (Figure  15)  increase  appreciably  before  the  flares.  The  next  flux 
<1>  =  Fs  -  Fjg  (Figure  15)  through  the  whole  active  area  also  reaches  the  peak-value 
before  the  flare  sometimes  changing  its  sign.  All  pre-flare  values  are  recovered 
after  the  proton  flares.  The  change  of  the  net  magnetic  flux  with  time,  A4>/At, 
before  the  examined  and  some  other  flares,  leads  to  the  emf  ~  10®  to  10®  v  in  the 
fixed  circuit  containing  the  active  region.  It  is  found  for  important  flares  that  this 
emf  is  about  10  times  larger  than  emf  ^  [v  x  H]ds  due  to  inductance,  as  it  can  be 
evaluated  from  measured  velocities.  Values  of  emf  are  in  good  agreement  with  the 
energies  of  protons  generated  by  proton  flares.  To  bring  into  agreement  the  elec¬ 
tric  currents  corresponding  to  such  emf  with  those  measured  from  observed  field 
gradients  (j  =  (c/4ir)rot  H),  the  conductivity  a  should  be  reduced  to  values 
108  to  109. 

The  close  connection  of  the  first  appearances  of  flares  with  neutral  lines 
H ||  =  0  and  bifurcated  regions  of  transverse  field  H_^ ,  as  well  as  the  appearance  of 
flares  in  the  regions  of  higher  field  gradients  (A H |(  /As  £0.1  gs/km),  have  been 
confirmed,  although  some  bright  knots  of  flares  appear  in  area  of  very  strong 
longitudinal  fields  H||  as  well  as  away  from  them,  at  the  border  of  active  regions 


Abstract 


(Figures  18  and  19).  The  crossing  of  transverse  fields  peculiar  and  charac¬ 
teristic  for  flare  regions  can  be  connected  with  different  levels  corresponding  in 
solar  atmosphere  to  tubes  of  lines  of  force  crossing  this  region  (Figures  20  and  21). 
The  strength  of  transversal  field  in  regions  of  flares  can  reach  high  values  (200  to 
1000  gauss). 

The  process  of  fission  of  large  magnetic  tubes  of  force  into  smaller  pieces 
accompanying  the  development  of  active  regions  is  observed  (Figure  23).  No  con¬ 
nection  of  flare  first  bright  appearances  either  with  true  neutral  points  ( |H  |  =  0), 
or  with  the  areas  of  minimal  values  of  total  strength  |H  I  has  been  found  (Figures 
24  and  25).  Flares  appear  in  the  regions  of  high  field  gradient  A|H  |/A  s  >  0.2, 
sometimes  above  the  areas  of  maximal  field  strength  |H  | . 

The  close  connection  of  the  bright  knots  of  flares  with  the  points  of  maximal 
electric  current  density  jz  is  found  again  (Figures  26  and  27).  The  map  of  trans¬ 
versal  electric  currents  has  been  obtained  at  first.  Proton  flare  of  7  July  1966 
appeared  in  the  area  of  tne  junction  of  oppositely  directed  transversal  currents 
The  map  of  distribution  of  longitudinal  electromagnetic  force  (Figure  29)  shows  the 
general  agreement  with  the  distribution  of  the  directions  of  lins-of-sight  motions. 
This  map  also  indicates  a  possibility  of  oppositely  directed  forces  acting  on  the 
middle  and  on  the  ends  of  flare  filament. 

In  conclusion,  the  difficulties  of  the  neutral  point's  theory  of  flares  are  men¬ 
tioned,  as  compared  with  the  mechanism  of  electric  current  interruptions  (Alfven 
and  Carlqvist,  1967),  the  possibilities  of  which  are  extended  by  the  results  of  the 
present  paper. 
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Magnetic  Fields  and  Proton  Flares  — 
7  July  and  2  September  1966 


1.  COMPARISON  OF  SIMULTANEOUS  FIELD  RECORDINGS 

IN  THE  VERY  SAME  LINE  WITH  TWO  PHOTOMETERS 

This  paper  deals  with  magnetic  fields  associated  with  proton  flares  on  7  July 
and  2  Sept  1S66.  Preliminary  results  of  the  study  of  the  proton  flare  of  July  7  are 
presented  in  the  works  of  Severnyi  (1968).  Longitudinal  H||  and  transversal  Hjl 
fields  of  the  active  spot  groups,  which  gave  rise  to  proton  flares  on  7  July  and 
2  Sept  1966,  were  recorded  systematically  every  day,  usually  several  times  a  day, 
on  a  dual  magnetograph  CrAO  (described  in  the  works  of  Severnyi,  1966).  Twenty- 
six  recordings  of  H||  and  Hj_  were  obtained  for  the  first  flare  and  forty-three  for 
the  second.  All  recording  data  are  combined  in  Table  1.  Differently  from  the  flare 
of  July  7,  recordings  for  the  second  active  region  were  made  on  two  photometers  in 
the  one  and  same  line,  XS250.  These  two  indepenoent  recordings  at  the  same  line 
do  in  principle  increase  the  reliability  of  results  since  both  channels  are  practi¬ 
cally  independent,  even  though  they  are  subjected  to  equal  effects  of  the  picture 
quality  and  scanning  errors. 

For  appropriate  focussing  of  recordings  on  both  channels,  H||  as  well  as  H_l 
correspond  qualitatively;  quantitative  differences  (strength  values)  do  not  exceed 
15  to  20%.  This  is  shown  in  Figure  1  where  the  strengths  of  the  longitudinal  field 
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— 

ro.l0 

96 

2000 

3.32 

Aug  26 

10.35 

11.45 

5250 

Green 

11 

500 

61 

12.10 

94 

2000 

— 

urea 

11.45 

5250 

Red 

11 

25 

bl 

12.10 

54 

100 

— 

11.45 

14.15 

5250 

Green 

12 

500 

61 

94 

2000 

— 

11.45 

14.15 

5250 

Red 

■H 

25 

51 

j  xMO 

54 

100 

— 

14.15 

IJJtU 

5250 

Green 

■ffl 

500 

— 

14.15 

125 

1000 

1.26 

15.30 

43 

500 

14.15 

Ittaiii 

5250 

Red 

II 

25 

- 

14.15 

65 

25 

3.46 

24 

Aug  27 

06.32 

09.10 

5250 

Green 

■1 

1500 

— • 

06.25 

77 

4000 

1.39 

Hi 

0l,50 

158 

1500 

06.32 

09.10 

5250 

Red 

1 

60 

— 

06.25 

85 

60 

2.78 

Hi 

07.50 

97 

3 


Table  1.  (Coned) 


Date 

1666 

Time  of 
Recording 
_ UT 

x.A 

Photo¬ 

meter 

Field 

ATTg 

$ 

Gradient 

Calibration 

— 

Time 

Kick  E-W, 
mm 

attk 

1  Unit 

ga. 

Begin¬ 

ning 

End 

Aug  29 

rows 

5250 

Green 

H 

2000 

— 

11.30 

137 

KB 

1.78 

Aug  30 

ESI 

06.00 

5250 

Green 

n 

2000 

— 

72 

2.55 

06.10 

123 

05.30 

06.00 

5250 

Red 

H 

50 

— 

[iEXiIiI 

37 

100 

2.98 

06.10 

94 

50 

09.25 

5250 

Green 

12 

500 

45 

07.20 

152 

2000 

— 

10.00 

5250 

Green 

11 

45 

07.20 

152 

2000 

— 

10.50 

11.35 

5250 

Green 

II 

2000 

— 

11.35 

110 

3000 

1.50 

5250 

Green 

II 

•Wl 

— 

11.40 

101 

3000 

1.65 

6103 

Red 

II 

■El 

— 

11.40 

104 

100 

1.55 

13.40 

5250 

Green 

11 

1000 

60 

11.40 

101 

3000 

_ 

14.10 

6103 

Red 

11 

30 

60 

11.40 

104 

100 

_ 

14.10 

14.35 

5250 

Green 

12 

1000 

60 

11.40 

101 

3000 

a_ 

14.10 

14.35 

6103 

Red 

12 

30 

60 

11.40 

104 

100 

— 

Aug  31 

05.35 

5250 

Green 

1! 

2000 

__ 

05.30 

120 

2000 

2.25 

10.00 

10.43 

5250 

Green 

ii 

500 

29 

09.50 

90 

2000 

_ 

10.00 

iTunn 

6103 

Red 

ii 

30 

29 

09.50 

99 

80 

_ 

10.43 

11.30 

5250 

Green 

12 

500 

29 

09.50 

90 

2000 

_ 

10.43 

11. 3C 

6103 

Red 

12 

30 

29 

09.50 

39 

80 

_ 

11.32 

12.03 

5250 

Green 

II 

2000 

— 

12.03 

61 

2000 

4.36 

11.32 

5250 

Red 

II 

80 

— 

12.03 

91 

80 

2.93 

13.10 

13.60 

5250 

Green 

II 

1000 

— 

13.10 

74 

1000 

3.87 

13.50 

64 

13.10 

ikiwh 

5250 

Red 

II 

80 

— 

13.10 

86 

80 

3.34 

13.50 

74 

13.52 

14.25 

5250 

Green 

II 

1000 

— 

64 

1000 

4.60 

ee  a 

52 

14.30 

5250 

Green 

12 

500 

48 

14.45 

215 

1000 

_ 

14.30 

6103 

Red 

12 

20 

48 

14. 

57 

80 

15.00 

15.30 

5250 

Green 

11 

500 

48 

14.45 

215 

1000 

_ 

15.00 

15.30 

6103 

Red 

11 

20 

48 

15.30 

97 

20 

— 

Sept  J 

06.00 

06.40 

5250 

Green 

II 

4000 

— 

05.45 

115 

4000 

2.47 

06.40 

119 

06.40 

07.00 

5250 

Green 

11 

4000 

40 

06.40 

119 

4000 

_ 

06.40 

DHOM 

5250 

Red 

11 

100 

40 

06.40 

147 

100 

_ 

07.00 

07.30 

5150 

Green 

12 

4000 

40 

07.50 

77 

4000 

_ 

07.00 

07.30 

5250 

Red 

12 

100 

40 

06.40 

147 

100 

__ 

Li 

5250 

Green 

12 

2000 

SO 

07.50 

77 

4000 

_ 

IlTjPjljl 

6)03 

Red 

12 

50 

so 

07.50 

107 

100 

E:  '1 

5250 

Green 

11 

2000 

60 

08.50 

153 

2000 

_ 

08.30 

6103 

Red 

11 

50 

60 

08.50 

231 

50 

— 

08.50 

5250 

Green 

II 

4000 

— 

08.50 

153 

2.90 

>0.20 

Green 

II 

2000 

— 

i0.10 

161 

2000 

2.00 

10.15 

77 

IKIMH 

10.20 

Red 

II  , 

50 

— 

10.10 

62 

200 

2.59 

10.50 

5250 

Green 

II 

2000 

— 

10.15 

77 

4000 

2.43 

10.50 

Ha 

Red 

II 

50 

— 

10.10 

62 

200 

2.59 

11  20 

220 

50 

4 


Table  1.  (Contd) 


Date 

1966 

lime  of 
Recording 
UT 

X,A 

Field 

att3 

P 

Gradient 

Calibration 

Time 

Kick  E-W, 
mm 

attk 

1  Unit, 
gs. 

Begin¬ 

ning 

End 

Sept  2 

mm 

5250 

Green 

II 

Bill 

_ 

143 

2.31 

■ ; :  * 

Red 

II 

— 

145 

2.26 

09.25 

r  ji  i 

Green 

Ml 

— 

129 

8000 

2.55 

08.50 

09.25 

' " " ! 

Red 

100 

— 

86 

100 

3.80 

10.55 

11.30 

Green 

Bl 

2000 

59 

09.25 

129 

8000 

— 

10.55 

11.30 

Red 

Rfl 

20 

59 

09.25 

86 

100 

— 

11.30 

12.00 

‘ ‘  ’ 

Green 

u 

2000 

59 

09.25 

129 

8000 

— 

11.30 

12.00 

Red 

ii 

20 

59 

09.25 

36 

100 

IM 


u*  *./*•»  mu 


nil- n  Hut 


-m 


Figure  1.  Comparison  of  Values  of  Longitudinal 
Field  Strengths  in  X5250  Recorded  Simulta¬ 
neously  on  Two  Magnetograph  Channels 


H|j  are  compared  for  the  one 
and  same  scan  in  XS250  on 
both  photometers  ("green" 
and  "red").  Another  evidence 
of  the  reliability  of  performed 
recordings  and  maps  of  H|| 
can  be  provided  by  the  com  - 
parison  of  our  maps  with  the 
isogauss  maps  obtained  at  the 
Meudon's  Observatory  and 
constructed  by  means  of  a 
lamb  dam  eter*  (Figure  2).  We 
witness  a  good  agreement 
between  the  Crimean  and 
Meudon's  maps.  Quantitative 
difference  appears  when  we 
utilize  actual  strength  of  the 
longitudinal  magnetic  field  as 
it  is  determined  by  the  em¬ 
pirical  calibration  curve  of 
signals  6||  obtained  in  the 


*Maps  for  five  days  were  kindly  offered  to  us  by  Professor  P.  Michard. 


Figure  2.  Comparison  of  the  Meudon  (on  -.op:  S-polarity  = 
dashed  lines;  N-polarlty  =  solid  lines)  a  J  of  the  Crimean 
(at  the  bottom:  S-polarity  =  vertical  numbers;  N-polarity  = 
horizontal  numbers;  thick  dashed  =  neutral  line)  Maps  of 
the  magnetic  field  H(|  on  5  July  1966 


works  of  Severnyi  (1967)  instead  of  strength  proportional  to  the  magnetograph  sig¬ 
nal  according  to  the  relation 


01  X 

6"=Tx1axh- 


This  difference  appears  for  values  H(|  >  100  gs.  If  we  had  utilized  these  values 
uncorrected  (for  the  saturation  effect)  and  denoted  everywhere  further  on  the  maps 
then  the  maximum  strength  would  not  exceed  500  gs,  while  in  the  spots,  it  is  con¬ 
siderably  above  1000  gs,  and  correspondingly  the  energy  value  of  the  active  region 


)KU 


6 

(see  Sec.  3)  would  barely  reach  the  value  necessary  for  the  formation  of  a  flare 
with  an  energy  loss  of  the  order  of  lO^1  to  1022  ergs. 

Comparison  of  the  maps  of  direction  4  and  vector  magnitudes  of  transversal 
oscillations  6j_  (see  the  e  ram  pie  for  Sent  2  on  Figure  3)  for  simultaneous  record¬ 
ing  at  the  one  and  same  line,  X5250,  also  allows  us  to  estimate  the  reliability  cf 
measurements  of  the  azimuth  of  the  transversal  oscillation  vector.  Thus,  for 
Sept  1,  the  differences  in  directions  were  greater  than  30  to  40  deg,  and  occur  i  1 
10  cases  out  of  143,  that  is,  in  7%  of  the  cases.  Only  in  one  case  (0.7%)  does  the 
deviation  reach  60  deg.  The  second  analogous  comparison  (154  cases)  was  made 
for  maps  of  6j_  on  Sept  2  (Figure  3).  It  gives  8.5%  for  deviations  greater  or  equal 
to  30  to  40  deg,  and  2%  for  deflections  greater  or  equal  * o  SO  deg. 

Further,  on  July  30  and  31,  such  recordings  were  made  on  purpose,  such  that 
following  simultaneous  recording  of  three  components  <H(|,  Hj^,  and  H^2)  in  X5250, 
individual  recordings  of  these  components  were  performed  on  the  same  photometer 
in  order  to  expose  possible  systematical  differences  between  the  two  recording 
methods.  They  can  occur  because  in  the  first  case,  polarization  condition  modula¬ 
tion  takes  place  at  a  frequency  of  22  Hz,  and  the  velocity  compensator  (flat  parallel 
plate)  keeps  the  line  in  a  certain  intermediate  state  (fixed  between  positions  1/4 
X -plate  for  Hj^  and  H^2).  hi  the  second  case  the  velocity  compensator  keeps  the 
line  in  these  extreme  positions  corresponding  to  the  direction  of  the  1/4  X -plate 
axis  at  a  45 -deg  angle  to  the  direction  of  the  ADP  axis  and  the  direction  of  this  axis, 
coinciding  with  the  ADP  axis  (see  Bruns  et  al.,  1964).  Comparison  has  shown  that 
differences  between  both  methods  of  recording  are  practically  nonexistent.  Even  if 
they  were  present,  they  would  then  be  within  the  limits  of  errors  characteristic  for 
simultaneous  recordings  of  the  one  and  same  line  on  the  two  photometers. 

These  results  are  quite  significant  for  judging  the  accuracy  of  recordings  of 
transversal  magnetic  fields  because  of  the  previously  found  effect  of  rotation  of  the 
vector  of  transversal  oscillations  during  the  passage  from  one  line  to  the  other  and 
within  the  limits  of  the  one  and  same  line  (Severnyi,  1964a).  Since  at  the  individual 
locations  (basically  at  the  boundary  of  the  spots)  this  rotation  substantially  exceeds 
60%  (see  Sec.  2),  it  does  not  seem  possible  to  relate  this  effect  (Severnyi,  1964a)  to 
acci  intal  errors. 


2.  DATA  0*  OBSERVATIONS,  MAGNETIC  FIELD  MAPS, 

GENERAL  CHARACTER  OF  MAGNETIC  CONFIGURATIONS 

Scanning  of  the  active  region  (usually  of  a  size  of  ~  100  x  150  arc  s)  was  carried 
out,  as  usual,  with  a  distance  between  scans  along  6  equal  to  6.25  arc  s  (the  units  of 
length  along  the  vertical  and  horizontal  are  equal  and  indicated  on  the  maps  of 
Figures  4  through  10),  and  resolution  size  of  the  slit  2.5  arc  s  (along  a  )  x  4.5  arc  s  or 
9  arcs  (along  6)  which  gives  a  continuous,  without  intermission,  coverage  of  the 
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mm  of  the  original  recordings  (10  mm  scale  shown  in  the  right  portion  of  the  map).  A  sketch  of  solar  spots  (top 
right)  is  made  using  photoheliogram  or  drawings  obtained  from  measurements  of  the  spot  fields,  flare  sketch  by 
means  of  Ha  -films.  One  map  can  be  compared  to  the  other  by  means  of  a  cross 
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considered  active  region.  Recordings  of  radial  velocities  were  carried  out  simul¬ 
taneously  (during  the  recording  of  H|| )  and  of  the  strength  at  the  center  of  the  lines. 
In  a  series  of  cases  (see  Table  1),  H||  and  Hj_  were  recorded  simultaneously  by 
the  method  described  by  Bruns  et  al.,  (1964).  Field  recordings  for  the  first  active 
regions  (July  1966)  were  corrected  automatically  for  brightness  oscillations 
(Nikulin,  1964);  during  the  recording  of  the  second  region  (Aug  -  Sept)  the  automatic 
installation  did  not  work. 

For  the  calibration  of  the  deflection  of  the  self-recorder  of  H  n  (in  gs),  the  fol¬ 
lowing  relationships  were  used  (Sevemyi,  1964b)  for  the  total  deflection  of  the  self¬ 
recorder  during  calibration  and  passage  from  the  E  to  W  edge  of  the  Sun's  image, 
if  recordings  of  the  longitudinal  field  are  carried  out  separately  from  recordings 
of  the  transversal  field  and  the  recording  is  automatically  corrected  for  bright¬ 
ness  variation: 

X  A  5250  6103  4308 

E-W  (gs)  1600  2088  3936  . 

For  simultaneous  recordings  of  H||  and  H^,  the  sensitivity  of  H||  recordings  which 
theoretically  decreased  by  a  factor  of  two,  decreased  by  a  factor  of  three  (accord¬ 
ing  to  empirical  data).  In  the  case  when  the  brightness  compensator  was  removed 
(recordings  during  Aug  and  Sept  1966),  the  calibration  was  performed  using  the 
expressions 

\240  I  Jl  for  X5250  , 
l  c  o 

(E-W)  (gs)  =  <  310  Ic/Iq  for  X6103  , 

(5B8  lJlo  for  X4808  , 

where  Ic/I0  is  the  ratio  of  the  brightness  at  the  center  of  the  disk  to  the  brightness 
of  that  region  in  which  the  field  was  measured.  Figures  7  to  10  give  the  isogauss, 
uncorrected  for  the  brightness  of  the  umbra  and  penumbra  of  the  spots;  this  correc¬ 
tion  was  made  later  during  the  calculation  of  gradients,  fluxes,  and  magnetic  energy 
of  the  field. 

Furthermore,  the  magnetograph  signal  6 n  during  recordings  of  H||  is  propor¬ 
tional  to  the  actual  value  of  H||  only  for  small  values  of  H  n  (<  100  gs);  for  values  of 
H||  «  300  gs,  the  signal  6|(  is  practically  fully  saturated.  In  order  to  obtain  exact 
values  of  H  ||  in  gs,  one  used  the  empirical  calibration  curve  relating  the  magneto¬ 
graph  signal  6  with  the  actual  strength  of  the  field  H||  (Sevemyi,  1S67).  An  analo¬ 
gous  empirical  curve  was  used  for  the  dependence  of  the  signal  of  the  transverse 
field  6^ /(E-W)  on  the  actual  strength  of  the  field  Hj^  to  obtain  correct  values  of  the 
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transverse  field.  Basic  initial  results  of  the  analysis  of  data  are  the  isogauss  maps 
of  the  longitudinal  field  H||  and  the  maps  of  the  distribution  of  signals  of  the  trans¬ 
verse  field 

si  Vi + 

(in  mm)  in  the  form  of  dashes,  the  length  of  which  divided  by  E-W  (Table  1)  gives 
(in  gs)  using  calibration  curves  (Severnyi,  1967).  The  direction  of  Hj_  is  deter¬ 
mined  by  the  formula  tg  0  =  6j_  l/6JL2  • 

Figures  4  to  6  give,  as  most  characteristic  examples,  the  maps  for  5,  6,  and 
7  July  1966  for  the  region  which  gave  a  proton  flare  on  7  July  1966.  Figures  7  to 
10  show  certain  selected  maps  for  the  second  region,  which  gave  two  proton  flares 
on  28  Aug  and  2  Sept  1966.  Sketches  are  also  given  there  of  a  group  of  spots  from 
sketches  (or  photoheliograms)  made  during  routine  measurements  o'  the  spots 
magnetic  fields  with  indication  of  the  field  strength  (for  6  July  1966  the  mean  values 
were  taken  from  data  of  other  observations).  Sketches  of  flares  are  also  given, 
which  were  obtained  by  the  projection  of  Ha  -cine  film,  taken  on  the  coronograph 
KG-1  (shooting  in  the  region  outside  the  band  ±0.5  A  from  the  center  of  Ha  made  it 
possible  to  readily  identify  spots  on  their  sketch  and  on  the  H0  -film);  for  the  flare 
of  7  July  1966  which  occurred  at  0h30m  UT,  the  sketches  were  obtained  from  the 
cine  film  SibIZMIRAN*.  The  magnetic  fields  and  flares  of  28  Aug  1966  were  not 
observed  because  of  bad  weather.  Comparison  of  maps  and  sketches  can  be  made 
by  means  of  a  cross,  usually  coinciding  with  the  spot,  selected  for  the  scanning  of 
the  picture  of  the  entire  active  region  (see  further  detail  in  Sec  4). 

The  comparison  of  maps  for  different  days  for  the  first  region  on  July  5  to  7, 
show  that  they  are  very  similar.  The  same  is  also  true  for  the  second  region. 
Furthermore,  the  overall  similarity  of  the  configurations  of  the  field  for  the  first 
and  second  regions  is  surprising,  even  though  they  apparently  belong  to  absolutely 
different  groups.  Namely,  the  first  groups  which  gave  the  flare  on  July  7  had  a 
latitude  <f>=  34  deg,  and  in  the  second  turn  (July  25  to  Aug  7),  it  either  disappeated 
or  shifted  very  much  along  the  latitude  and  became  transformed  into  a  unipolar  spot 
with  a  latitude  <f>  =  25  deg.  In  the  third  turn  (Aug  24  to  Sept  2l  at  the  latitude  of 
22.5  deg,  one  observed  the  second  active  region  which  gave  a  flare  on  Sept  2. 

It  is  known  that  in  many  cases  the  line  of  separation  of  polarities  is  located 
cl.ose  to  the  north-south  direction,  separating  the  leader  from  the  tail  spot.  At  the 
same  time  in  both  considered  groups,  the  boundary,  which  separates  both  polarities 
(or  the  magnetic  axis  of  the  group),  is  located  close  to  the  east -west  direction. 


♦Kindly  put  at  our  disposal  by  V.G.  Banin. 
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Furthermore,  entirely  similar  location  of  the  magnetic  axis  was  noted  in  many 
groups  with  proton  flares,  for  example  14  and  16  July  1969,  studied  in  detail  b;f 
Howard  and  Severnyi  (1963).  It  is  further  typical  that  among  the  nine  cases  of 
strongest  flares  with  cosmic  rays,  considered  earlier  by  Severnyi  (1963),  one 
observes  analogous  location  of  the  magnetic  axis  in  seven  of  them.  Namely,  these 
are  the  cases  of  flares  of:  25  July  1946,  16.14  UT  (axis  strictly  E-W);  19  Nov  1949, 
10.30  UT  (in  this  case,  the  magnetic  axis  is  tilted  in  the  N-E  direction  at  an  angle 
of  about  45  deg  to  the  N-S  direction);  23  Feb  195(>,  03.31  UT  (the  tilt  of  the  axis  is 
also  in  the  NE  direction  from  the  E-W  direction  at  an  angle  of  30  to  40  deg);  the 
above  mentioned  flare  of  16  July  1959,  21.41  UT  (axis  in  the  E-W  direction);  12  Nov 
1960,  1 3.15  UT  and  15  Nov  1960,  02.07  UT  (the  axis  along  E-W);  finally,  the  flan 
of  1  Apr  1960,  09.15  UT  (the  axis  is  slightly  tilted  in  the  same  NE  direction  from 
the  E-W  direction).  Similar  location  of  the  magnetic  axis  of  the  group,  with  the 
same  inclination  further  in  the  NE  direction  from  the  E-W  direction,  can  hardly  be 
termed  accidental.  It  is  apparently  typical  for  the  majority  of  groups  with  proton 
flares  even  if  the  spots  and  fields  are  weak,  as  it  was  in  the  case  for  the  flares  of 
28  Sept  1951.  At  the  same  time,  it  is  hardly  possible  to  consider  this  as  a  sufficient 
symptom,  since  cases  of  occurrence  of  proton  flares  of  class  3  were  observed  in 
groups  where  the  magnetic  axis  is  located  in  the  N-S  direction;  for  example,  flares 
of  class  3  on  7  July  1958,  16  and  22  Aug  1958,  and  possibly,  some  others.  It  would 
be  very  important  to  study  this  question  in  more  detail. 

This  similarity  of  magnetic  configuration,  in  the  cases  that  we  are  studying,  is 
not  accompanied  by  the  similarity  of  spots  configurations  of  both  groups.  On  the 
contrary,  even  for  each  group,  strong  variations  of  the  shape  and  location  of  the 
spots  in  the  group  are  noted  from  day  to  day.  This  situation  must  be  taken  into 
account  when  attempting  to  reach  conclusions  as  to  the  structure  of  the  magnetic 
field  from  the  external  aspect  of  the  groups  and  spots  in  it.  In  such  relatively  com¬ 
plex  groups,  such  conclusions  can  turn  out  to  be  unreliable. 

Furthermore,  the  similarity  of  the  magnetic  configurations  does  not  limit  itself 
by  identical  location  of  the  magnetic  axis.  In  both  cases  of  the  first  and  second 
regions,  we  have  two  fronts  of  the  magnetic  hills  of  opposite  polarities,  counter¬ 
vailing  each  other:  in  the  upper  region  of  the  S-polarity,  it  is  Ag,  Bg,  Cg,  and  in  the 
lower  it  is  Aj*j,  B^,  Cjg;  sometimes  two  hills  merge,  and  sometimes  from  thre° 
hills  a  fourth  one  arises.  The  analogy  is  present  also  in  the  general  character  of 
transverse  fields,  especially  if  one  compares  the  first  July  region  with  the  data  of 
Aug  31  to  Sept  2.  In  both  cases,  the  flux  of  arrow  vec+ors  6^  in  the  NW  dir  tion 
(or  SE)  is  clearly  noticeable  being  perpendicular  to  the  direction  of  the  magnetic 
axis  of  the  group,  as  can  be  expected  according  to  simple  concepts  on  the  behavior 
of  lines  of  force  between  two  opposing  fronts  of  the  N  and  S  poles. 
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Conservation  of  the  general  similarity  of  t  magnetic  configurations  with 
time  is  accompanied  by  their  even  greater  analogy  at  different  atmospheric  depths, 
as  can  be  seen  from  the  comparison  of  maps  in  X5250  and  X6103  (for  the  first 
region,  see  Figure  11).  The  shape  of  the  corresponding  isogauss  is  identical  on 
the  maps  in  X52S0  and  X6103  in  all  cases  (Figure  11).  Figure  11  shows  for 
example,  that  isogauss  600  for  X5230  corresponds  to  isogauss  400  for  X6103.  At 
the  same  time,  the  comparison  made  for  July  7  shows  that  the  contour  of  the  given 
strength  for  X4808  is  narrower  than  for  X5250.  This  also  follows  from  the  corres¬ 
ponding  planimetry.  However,  the  comparison  of  longitudinal  field  maps  alone  does 
not  yet  indicate  how  the  field  is  distributed  with  depth  (that  is,  at  which  depth 
it  is  concentrated;  see  Sec.  6  concerning  the  total  vector  of  the  field).  At  the  same 
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time,  one  can  say  that  the  magnetic  flux  of  the  longitudinal  field  decreases  in  the 
upper  surface  layers  at  least,  that  is,  to  the  extent  that  the  lines  of  force  diverge 
as  they  exit,  as  could  be  expected. 

The  single  systematic  difference  between  maps  of  isogauss  X5&50  and  X6103 
consists  in  the  presence  of  a  not  too  large  shift  of  magnetic  hills  ot  X6103  towards 
the  East  relative  to  the  hills  of  X5250.  This  effect  is  small,  about  2.5  arc  s  on  the 
average  for  all  the  hills  on  the  five  maps  of  the  first  active  region  for  the  eastward 
shift  and  about  1.8  arc  s  for  the  northward  shift.  For  the  second  region,  the  data  is 
insufficient.  We  have  one  map  for  30  Aug  1966,  where  the  average  shift  is  sub¬ 
stantially  greater  and  is  about  6.7  arc  s  even  though  the  group  of  30  Sept  was  closer 
to  the  center  than  the  group  of  4  to  7  July  1966.  The  variation  of  the  projection 
effect  with  the  distance  from  the  center  must  act  in  the  opposite  direction,  that  is, 
increase  the  effect  to  the  edge,  if  the  line  of  force  tubes  are  more  or  less  radial. 
Consequently,  the  effect  of  the  shifts  is  hardly  associated  with  the  projection  effect. 

Ti.e  best  method  of  verification  of  the  effect  was  the  comparison  of  maps 
recorded  on  two  channels  in  the  same  line,  X5250.  Comparison  for  the  three  cases 
(30  A)  1966,  recordings  at  14.32  to  15.03  and  16.10  to  16.50,  and  also  2  Sept  1966 
at  11.50  to  12.25)  also  show  similar  shifts  toward  the  East  of  7.0  arc  s,  4.4arcs,  and 
6.4 arc  s,  respectively, or  an  average  of  5.9  arcs  which  is  close  to  the  shift alongthe 
various  lines.  Thus,  the  effect  of  the  shift  tc  the  east  is  most  probably  due  to  the 
instruments,  occulting  from  insufficiently  thorough  focussing  oi  the  picture  on  the 
entrance  slit  of  the  spectrograph.  The  small  shift  sometimes  observed  in  X6103 
towards  the  north  cannot  be  associated  with  the  phenomenon  of  atmospheric  dis¬ 
persion,  and  it  is  apparently  due  to  the  same  reason. 

In  accordance  with  what  has  been  said  in  Sec.  1  on  the  errors  of  determination 
of  the  azimuth  of  the  vector  6^  direction,  one  can  consider  that  as  a  rule  there  is 
no  significant  difference  between  the  directions  on  the  maps  of  for  both  levels 
(X5250  and  X6103  as  well  as  X4808  in  the  case  of  the  first  active  region);  also  the 
variation  of  these  maps  from  day  to  day  is  insignificant.  Only  in  distinct  regions, 
usually  corresponding  to  the  edge  of  the  umbra  or  penumbra  of  the  spots,  can  one 
observe  strong  rotation  during  the  passage  from  one  line  to  the  other,  sometimes 
reaching  90  deg  and  perhaps  even  more.  Thus,  for  example,  the  comparison  of 
maps  for  X4808,  X5250,  and  X6103  given  in  Figure  12a,  for  7  July  1966  shows 
statistically  that  rotations  >  30  deg  are  encountered  in  26%  of  the  cases,  when  rota¬ 
tions  2t60  deg  are  in  8.7%  of  the  cases,  which  significantly  exceeds  the  possible 
errors  according  to  data  given  at  the  end  of  Sec.  1.  This  again  justifies  the  reality 
of  the  effect  of  the  strong  vector  rotation  during  the  passage  from  one  line  to 
the  other  in  separate,  specific  locations  of  the  active  regions;  in  the  given  case,  the 
directions  of  the  vectors  differ  little  for  the  lower  and  middle  levels  (X4808  and 
X5250),  and  strong  rotation  is  observed  for  the  upper  level  (X6103). 
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Figure  12.  (a)  Comparison  of  the  Directions  of  the  Transverse  Fields  for  the 
Same  Day  on  7  July  1966  in  Different  Lines;  (b)  Comparison  of  Directions  of 
for  the  Same  Line  on  Different  Days  (July  5,  6,  and  7) 
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Figure  12b  shows  in  general  a  good  agreement  between  the  directions  on  the 
map  of  jJuly  6  (X6103)  with  the  maps  for  the  same  level  for  July  5  and  7.  Notice¬ 
able  difference  in  the  directions  of  the  transverse  field  oc  :urs  for  the  first  time 
in  the  middle  of  the  maps,  obtained  after  the  proton  flare  of  July  7.  If  the  direction 
before  the  proton  flare  form,  roughly  speaking,  somewhat  of  a  cross  in  the  middle 
of  the  map,  then  after  the  proton  flare  there  are  no  signs  of  vertical  intersection, 
in  particular  in  the  region  along  the  vertical  from  y  =  -0.25  to  y  =  +0.25;  instead 
of  vertical  vectors  $x»  we  have  here  a  flux  of  practically  horizontal  directions 
oriented  along  E-W,  as  if  the  proton  flare  forced  the  field  to  orient  itself  along 
its  extended  filaments  (compare  with  Figure  18  wh.ch  shows  the  location  of  the 
flare  relative  to  the  magnetic  field).  We  thus  have  a  rotation  by  about  90  deg  of  the 
vector  field  at  the  center  of  the  region  during  the  passage  of  the  map  c  '  July  6  to 
that  of  July  7  —  an  effect  apparently  connected  wi-h  the  proton  flare.  Analogous 
effect  of  the  rotation  of  the  vector  Hj^  was  observed  earlier  by  Sevemyi  (1964b). 


3.  VARIATION  OF  THE  LONGITUDINAL  AND  TRANSVERSAL.  FIELDS 

(GRADIENTS.  FLUXES,  FIELD  ENERGY) 

3.1  Behavior  of  the  Longitudinal  Field  Gradients 

For  both  proton  regions,  the  distribution  of  the  field  strength  H|(  along  the 
straight  line  connecting  the  magnetic  hills  of  opposite  signs  and  same  sign  polari¬ 
ties  Ag,  Bg,  Cg,  Afj,  Bjj,  Cjg,  and  Dn  was  studied  (see  notations  in  Figures  2  and  9). 
The  study  has  immediately  shown  that  if  variations  with  time  exist,  they  are  most 
clearly  expressed  in  the  neighboring  pairs  Ag  —  Aj$,  Bg  —  Bpj,  and  so  forth,  while 
the  gradients  for  the  mixed  combinations,  Ag  —  B^,  etc.  and  hills  of  the  same  sign, 
Ag  -  Bg,  etc.  do  not  usually  show  any  variation.  For  closely  located  pairs,  we  find 
certain  systematic  variations,  well  defined  for  the  first  region  and  less  defined  for 
the  second.  On  Figure  13,  examples  are  given  of  distributions  from  which  one  can 
find  the  average  gradient  AH||  /  AS,  characteristic  for  the  given  direction.  For  the 
first  region,  we  have  an  increase  of  these  gradients  AH|j  /AS  from  the  initial  values 
(for  July  4d  •  4)  ~  0.1  gs/km,  long  before  the  flare.  AH||  /AS  reaches  a  peak  value 
~  1  gs/km  for  July  6d  •  2  and,  after  the  flare  of  July  7  (0.30  UT),  the  values  of  0.2  to 
0.1  gs/km  are  reached  as  well  as  the  initial  one  (July  7d.2).  Analogous  behavior 
of  AH||  /AS  is  obtained  from  the  maps  for  higher  levels  of  the  atmosphere  X6103, 
even  though  the  variations  here  are  smoother  for  the  same  directions  thai  in  the 
case  of  X5250,  and  the  gradients  themselves,  AH||  /  AS,  are  approximately  two 
times  smaller.  The  results  are  given  in  Figure  14. 

For  the  second  active  region,  the  gradients  themselves  are  2  to  3  times  smaller 
than  for  the  first.  The  variations  of  the  value  of  AH||  /  AS  are  well  expressed  only 


Figure  13.  Distribution  of  the  Strength  of  the  Longitudinal  Field  H||  Along  the 
Straight  Line  Connecting  Hills  of  Different  Polarities  for  Various  Days  for  the 
First  (left)  and  Second  (right)  Active  Regions 
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Figure  14.  Behavior  of  the  Average  Gradients 
of  the  Field  AH|(  /  AS  with  Time  for  Certain 
Characteristic  Directions  for  the  First  (top) 
and  Second  (bottom)  Active  Regions 


for  one  direction,  BgBjy,  (for 
comparison  the  behavior  of 
this  value  for  the  directum 
CsBn  is  also  given).  The 
amplitude  of  the  oscillations  of 
AH(|  /  AS  is  2  to  3  times 
smaller  (hills  Ag  and  A^  dis¬ 
appeared  during  further 
development  of  the  region). 

The  values  of  AH||  given  in 
Figure  14  are  corrected  using 
a  calibration  curve  (Severnyi, 
1967),  and  in  addition,  for  the 
second  active  region,  correc¬ 
tion  of  the  field  strength  was 
made  for  the  brightness  at  all 
points  where  selected  direc¬ 
tions  intersected  the  umbra  or 
penumbra  of  the  spots.  Simul¬ 
taneous  recording  of  the 
strength  show  that  for  the 
penumbra,  the  value  of  the 
strength  of  .Hj|  must  be 
increased  on  the  average  by 
1.4  times,  and  by  approximately 
two  times  in  the  umbra  region. 
It  is  possible  that  the  most 
"sluggish"  variations  and 
increase  of  AH||  /  AS  prior  to 
the  Sept  2  flare  are  connected 
with  the  appearance  of  a  strong 
flare  directly  prior  to  the  con¬ 
sidered  period,  namely  a  flare 


of  importance  3n  on  Aug  28, 
and  also  with  two  flares  of  importance  2n  on  Aug  30.  Unfortunately,  there  are  no 
variations  of  the  magnetic  field  close  to  the  flare  of  Aug  28.  At  the  same  time  on 
Sept  1,  an  increase  in  the  gradient  AH)(  /  AS  was  clearly  noticeable  up  to  the  values 
of  about  0.5  gs/km  whicn,  after  the  flare  of  2  Sept  1966  (measurements  were  made 
shortly  after  the  event),  returns  to  the  initial  low  value,  slightly  below  0.1  gs/km. 
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The  behavior,  similar  to  that  of  AH(|  /  AS  is  shown  by  the  sum  of  the  fluxes  of 
both  polarities  Fg  +  Fjj  obtained  by  means  of  planimetry  of  the  isogauss  H(|  maps 
(Figure  15).  For  die  July  group,  this  value  increases  up  to  the  peak  values 
(27  x  1021  /icp*  for  X5250  and  25  x  10^1  pep  for  X6103),  and  then  after  the  flare  of 
July  7,  the  initial  conditions  are  re-estahlished.  The  relative  increase  of  the  field 
in  a  deeper  layer  ( X5250)  is  practically  the  same  as  in  the  outer  layer  (  X6103). 
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Figure  15.  Variations  of  the  Magnetic  Energy  of  the  Absolute  Field  |H  | ^ V / 8  ir  and 
of  the  Longitudinal  Field  H^V/8tt  with  Time.  Behavior  of  the  total  flux  Fg  +  Fjvj 
and  "imbalance"  of  the  fluxes  Fg  -  Fjy  with  time  for  the  first  and  second  active 
regions.  Circles  with  dots  are  the  value  of  Fg  -  Fj^  from  sketches  of  the  spots  by 
Solar  Services 

♦Editor's  Note:  The  unit  of  magnetic  flux,  one  maxwell,  has  erroneously  been 
translated  to  pep  throughout  the  text..  Head  mx  for  pep. 


The  “tin  ha  lance"  of  fluxes  Fg  -  Fpj  (S- polarity  of  the  leading  spot)  behaves  in 
the  same  manner.  However  the  initial  and  final  values  here  are  negative  and  com¬ 
prise  about  0.1  of  the  peak  value  (  ~  10:>2  pep).  In  our  case,  there  is  a  relative 
increase  of  the  flux  of  S-polarity  as  compared  to  that  with  N -polarity  prior  to  the 
flare.  These  results  are  in  general  agreement  with  the  results  of  Martres  et  al. 
(1968a)  for  the  nine  flares  of  the  Q$AR  period.  Naxiely,  these  authors  have 
obtained  the  decrease  of  the  total  flux  Fg  +  FN  in  the  sense  that  before  the  flare, 
the  flux  is  greater  than  after  it  (from  nine  flares,  with  a  decrease  in  one  case). 
Prior  to  the  flare,  according  to  Martres  et  al.  (1968a),  the  imbalance  (that  is,  the 
flux  of  the  leader  minus  the  flux  of  the  tail  spot)  is  greater  than  after  it.  There  is 
a  tendency  of  increase  of  probability  of  occurrence  of  flares  with  the  increase  of 
the  difference  Fg  -  Fjj.  hi  our  case  of  the  proton  flare,  it  is  difficult  to  speak  of 
the  leader,  since  the  x-axis  of  the  group  is  located  almost  in  the  E-W  direction, 
but  leading  in  the  new  cycle  are  the  S-polarity  in  the  N-hemisphere.  Therefore, 
the  meaning  of  difference  is  the  same  as  in  the  work  of  Martres  et  al.  (1968a). 

For  the  second  group  (see  Figure  15,  right),  the  value  Fg  -  F^  is  two  to  four 
times  smaller,  and  the  variations  are  not  as  strongly  expressed  as  for  the  first 
group.  Here,  furthermore,  because  of  poorer  resolution  in  the  middle  of  the 
day,  a  drop  of  field  strength  and  fluxes  from  morning  to  midday  and  further,  is 
noted.  This  is  a  systematic  effect  analogous  to  the  one  found  by  H.  Kunzel  (1967) 
which  sometimes  is  erroneously  interpreted  as  the  effect  of  real  field  variations. 
Actually,  from  recordings  of  field  H(|  strength  simultaneously  with  photoelectric 
recordings  of  the  contrast,  one  of  the  authors  recently  discovered  that  the  majority 
(not  less  than  80%)  of  such  variations  —  a  drop  of  the  field  down  to  30%  —  is  connec¬ 
ted  with  the  picture  contrast  decrease.  One  must  therefore  base  oneself  on  the 
morni  ig,  with  best  measurement  of  the  picture  quality,  which  are  connected  by  a 
continuous  line  in  Figure  15.  (Apparently  the  drops  of  the  field,  because  of  the 
worsening  of  contrast,  are  the  most  strongly  reflected  on  the  value  of  the  field 
energy,  see  below.)  The  general  behavior  of  the  values  of  Fg  +  F^  and  Fg  -  F^f 
for  the  second  group  also  indicate  an  increase  in  the  imbalance  of  Fg  -  Fn  and 
certain  increase  of  the  flux  approximately  a  day  before  the  flare,  although  here 
this  effect  is  not  as  clear  as  in  the  July  group. 

The  behavior  of  the  magnetic  energy  of  the  longitudinal  field 


Vi 


can  also  be  clarified  by  means  of  planimetry  of  the  isogauss  maps,  by  multiplying 
the  strength  Hi  of  the  isogauss  by  the  areas,  enclosed  between  the  i  and  i  +  1  iso¬ 
gausses,  and  by  the  "depth",  which  we  take  equal  to  10^  km.  For  the  July  1  group, 
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tiie  energy  lHjjVj/8*  increases  from  1  to2x  1032  to  9  x  1032  ergs  during  the 
period  from  4^3  to  6*?2,  and  then  after,  the  proton  flare  falls  to  the  initial  values. 
Similar  variation  of  the  energy  is  observed  for  X6103,  but  the  values  here  are 
somewhat  smaller  than  for  the  lower  (X5250)  level,  hi  both  cases,  the  variations 
are  clearly  and  well  defined,  and  the  very  existence  of  these  variations  is  fully 
reliable,  since  it  appears  independently  along  two  lines  and  is  ascertained  as  a 
rule  by  two  ir  asurements  a  day.  Resolution  during  the  period  of  observa¬ 
tions  was  satisfactory  even  though  here  also  one  can  observe  a  tendency  of  the 
field  drop  towards  the  middle  of  the  day  (well  noticeable  for  July  6  on  the  graphs 
of  energy  of  S  and  N  polarities,  taken  separately).  The  excess  of  the  energy  of  the 
leading  S-polarity  which  at  the  beginning  (July  4)  was  absent  and  reached  the  great¬ 
est  value  before  the  flare  (July  6)  and  dropped  again  after  the  flare,  is  well 
noticeable. 

For  the  Sept  2  flare,  the  picture  is  similar,  even  though  the  energy  maximum 
is  attained  approximately  a  day  priar  to  the  flare.  The  energy  of  the  S-polarity 
also  exceeds,  by  almost  a  factor  of  two,  the  energy  of  the  N-polarity,  and  this 
excess  remains  during  the  flare.  There  is  an  impression  created  that  the  Sept  2 
flare  occurred  "at  the  tail"  of  these  variations  of  the  fields  which  were  observed  in 
this  group.  The  energy  of  this  group  was  four  to  five  times  smaller  than  the  energy 
of  the  July  group,  and  the  relative  energy  increase  for  the  Sept  2  group  is  two 
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times  smaller,  from  a  minimum  value  of  about  9  x  in°*  ergs  to  a  maximum  of 
about  20  x  1031,  and  then  a  drop  to  11  X  103*,  which  is  significantly  smaller  (by 
approximately  ten  times)  than  that  increase  observed  for  the  July  group.  It  is 
possible  that  all  the  effects  of  Sept  2  were  connected  with  this  and  were  significantly 
smaller  than  the  one  observed  for  the  flare  of  July  7.  One  must,  finally,  note  that 
not  only  the  magnetic  configurations  of  both  studied  grcups  are  very  similar  with 
the  configuration  of  the  group  which  gave  the  greatest  proton  flare  of  16  July  1959, 
but  that  the  behavior  of  the  gradient  AH||  /  AS  and  the  energy  H^V/Sv  is  very  simi¬ 
lar  to  the  one  observed  for  this  flare,  as  described  by  Howard  and  Severnyi  (1963). 

Although  the  total  strength  of  the  field  (longitudinal  and  transversal)  will  be 
studied  in  Sec.  5,  one  should  note  now  the  behavior  of  the  values  of  the  absolute 
energy  on  the  same  Figure  15  calculated  by  planimetry  of  the  isogauss  maps  of  the 
absolute  strength  |H|2V/8jt.  This  behavior  in  general  is  similar  to  the  behavior 
of  the  energy  of  the  longitudinal  field.  Therefore,  one  cannot  fully  relate  the  vari¬ 
ation  of  the  energy  of  the  longitudinal  field  to  the  redistribution  of  energy  among 
the  components  H (j  and  with  time.  That  is,  consider  that  before  the  flare, 
there  is  an  increase  of  the  "longitudinal"  energy  because  of  the  "transversal" 
energy,  and  vice  versa.  In  other  words,  consider  the  variations  of  the  configura¬ 
tions,  such  tnat,  when  the  field  prior  to  the  flare  is  more  longitudinal,  afterwards 
it  is  more  transversal.  However,  to  some  extent,  this  can  be  justified  for  the  flare 
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of  July  7,  sirce  -be  energy  of  the  absolute  field  decreases  not  as  much  (by  about 
two  times)  as  the  energy  of  the  longitudinal  field  (a  decrease  by  about  four  times). 
To  a  greater  degree,  this  is  justified  for  the  Sept  2  flare  where  the  variation  by 
1.2  times  of  the  total  energy  is  accompanied  by  the  decrease  of  the  energy  of  the 
longitudinal  field  by  about  1.8  times.  It  is  possible  that  this  very  flare  or  the 
processes  accompanying  it  (eruption  discharges)  and  in  particular  preceding  it. 
lead  to  a  more  "longitudinal"  configuration  of  the  field,  elongated  in  the  radial 
direction  away  from  the  sun. 

In  all  the  above  considered  variations  of  the  energy  and  fluxes  associated  with 
prcUui  flares  as  well  as  in  the  case  of  the  proton  flare  of  16  July  1959,  there  are 
no  indications  as  to  when  they  occur,  since  we  did  not  have  measurements  directly 
before  the  flares.  Only  for  the  case  of  a  strong  flare  of  importance  2,  on  22  June 
1962,  do  we  possess  measurements  of  the  Hy  and  Hj^  fields  directly  before,  during, 
and  after  the  flare.  Maps  of  the  field,  given  by  Sevemyi  (1964b)  were  subjected  to 
planimetry  and  fluxes  and  the  energy  were  calculated  by  the  same  method  as  before. 
Figure  15  gives  results  witnessing  that  the  flare  is  more  a  result  of  a  preliminary 

drop  of  strength  and  energy  of  the 


field  rather  than  a  phenomenon  which 
accompanies  or  precedes  it.  This 
example  is  so  »ar  unique,  and  the 
collection  of  a  greater  amount  of 
data  is  needed  for  reaching  more 
certain  conclusions  on  the  timely 
sequence  and  relationship  of  events. 

Some  features  of  the  variations 
described  in  this  section  require  a 
more  careful  examination.  First 
there  is  a  variation  of  the  "imbalance" 
of  fluxes  or  the  resulting  magnetic 
field  3>  =  Fg  -  Ffj  with  time.  For 
the  first  active  region,  this  flux  was 


Figure  16.  Behavior  of  the  Magnetic 
Energy  of  the  Longitudinal  Field 
Hjjv/8ir  of  the  Total  Flux  Fs  +  Fpj  and 
the  Resulting  Flux  Fs  *  Fn  with  Time 
for  the  22  June  1962  Flare 


varying  before  the  flare  of  July  7 
from  the  value  of  -2  x  1021  /ncp  to 
+7  x  10^,  that  ia,  by  9  x  1021  /*cp 
per  day  (from  5^26  to  6^22).  Analo¬ 


gous  variation  before  the  Sept  9  flare 

comprised  approximately  4  x  lO2*  ^cp  during  the  period  from  29452  to  31448,  that 
is,  approximately  over  the  period  of  two  days  or  3.5  x  102*  /xcp  from  30^2*  to 
3ll48,  that  is  1^24.  This  gives  the  flux  variation* 


*It  is  assumed  that  the  values  of  A4>/At  before  the  flare  are  minimum  (aver¬ 
age).  Actual  values  can  be  substantially  greater.. 


A<X>  . 
XT  ' 


- -  =  1.09  x  10i7  ficplsec  (for  the  first  region) 

8.6X104  x  0.96 

g.5X  jq21 

- - -  =  0.33  x  101  *  ycplaec  (for  the  second  region) . 

8.6  x  104  x  1.24 


It  was  of  interest  to  verify  this  and  to  investigate  the  behavior  of  the  fluxes 
Fg  +  and  Fg  -  Fjj  for  a  previously  studied  (Howard  and  Sevemyi,  1963)  power¬ 
ful  flare  with  cosmic  rays  on  16  July  1959.  Figure  17  gives  the  behavior  of  these 

fluxes  from  14  to  18  July 
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JULY,  1939 

Figure  17.  Behavior  of  the  Total  Flux  Fg  +  Fjj 
and  Resulting  Flux  Fg  -  Fjg  for  the  16  July  1969 
Flare  (dots).  Circles  with  dots  have  same 
values  from  the  sketches  of  solar  spots  by 
Solar  Services 


1959  from  planimetry  data  of 
isogauss  maps  given  by 
Howard  and  Sevemyi  (1963). 
We  see  here  the  same  picture 
as  for  the  investigated  proton 
flares:  the  increase  of  the 
7S  +  Fjj  flux  directly  before 
the  flare  (possibly  during  the 
flare)  and  also  very  strong 
and  with  the  same  sign,  and 
the  imbalance  of  Fg  -  Fjj 
before  the  flare.  One  cannot, 
but  associate  the  sharp 
decrease  of  the  resulting  flux 
of  Fg  -  Fn  from  the  value  of 
+12  x  1021  /*cp  to  -8  x  102l/icp 
during  the  period  from  16^62 
to  17^46,  that  is,  during 
0^84  =  7.25  x  104  sec,  with 
the  flare  of  July  16,  which 


gives 


A4>  _ 
At 


2.75  x  1017  jicp/sec. 


Somewhat  lower  values  of  A4>/At  follow  from  Martres  et  al.  (1968a),  where  one 
basically  considered  regular  non-proton  flares.  From  the  table  of  values  of  4>, 
given  both  in  the  works  of  Martres  et  al.  (1968a)  and  from  the  maps  of  iso¬ 
gauss  of  the  Crimean  Astrophysical  Observatory  for  instants  directly  before  the 
flare  and  after  it,  one  obtains  the  following  values  A't/At  (see  Table  2.  At  varies 
between  2  and  6^*). 
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Apparently,  for  the  sake  of  orientation  one  can  consider  that  for  small  flares, 
the  typical  value  of  A4>/At  -  0.1  to  0.2  x  10*7,  when  for  strong  flares,  it  is  of 
-1.0  x  101? /i.cp/sec.  Since  lv  =  10®  CGSM  =  1/300  CGSE,  then  according  to 
Maxwell's  equation,  the  emf  (in  volts)  induced  during  the  variation  of  the  flux 
A$/At  is 

l  Eds  =  -10-8  A4>/At  .  (2) 

If  A4»/At  is  expressed  in  ^cp/sec  (in  CGSM  units),  then 

fl/2  x  10®  v  (weak  flares) 

(3) 

1.0  x  10®  v  (strong  flares)  . 


T  ble  2 


Date 

Flare 

UT 

Class 

A4>/At 
fj.  cp/sec 

Date 

Flare 

UT 

Class 

A<J>/At 

/xcp/sec 

18  Aug  1959 

10.19 

3 

-0.83  Xl017 

4  Oct  1965 

9.37 

2 

-0.16 x  1017 

19  Mar  1965 

9.40 

1 

-0.65  X  1017 

23  Aug  1958 

17.17 

1+ 

-0.16  x  1017 

5  Sept  1965 

8.12 

1- 

+0.57  X  1017 

22  June  1962* 

9.06 

2 

+1.31  X1017 

9.40 

1- 

30  Sept  1965 

13.13 

1 

-1.28  Xl017 

7  June  1966* 

0.26 

2+ 

+1.09  XlO17 

1  Oct  1965 

11.40 

1 

+0.12  x  1017 

2  Sept  1966*' 

5.44 

2+ 

+0.33  XlO17 

2  Oct  1965 

10.45 

1- 

+0.22  XlO17 

12.34 

1- 

These  values  agree  so  well  with  the  proton  energies  (100  to  1000  Mev),  which  are 
generated  during  the  flares*  that  the  question  arises  whether  the  emf  lies  in  the 
basis  of  this  generation  in  the  contour  comprising  the  active  region  in  the  limits  of 
which  occur  the  actually  measured  variation  of  the  magnetic  induction  flux.  One 
should  note  that  the  value  of  the  flux  <J>  always  (each  and  every  time)  is  measured 


e(Vi  -  Vo) 

*Tne  force  W  for  a  potential  difference  Vj  -  Vg  (v):  W  = - - ,  where 

e  =  4.80  x  10”*°CGSE  -  electron  charge,  that  is,  W  =  (10-4  tol0_3  ergs)  or 

W  =  10"  to  lO^ev,  that  is,  100  to  1000  Mev  (1  ev  =  1.60  xl0"12  ergs).  Similar 
i  smarks  are  probably  unnecessary,  since  it  is  a  reminder  of  well  known  defini¬ 
tions,  and  it  is  used  only  for  convenience  in  comparing  energies  in  various  units 
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for  the  one  and  same  (geometrical)  region  on  the  map,  the  boundaries  of  which 
("contour"  of  integration)  is  determined  by  a  somewhat  arbitrary  selection  of  the 
"periphery"  of  the  active  region.  However,  this  is  immaterial,  since  it  is  easy 
to  convince  oneself  (from  review,  for  example,  of  maps  of  H||  in  Figures  4  through 
10  and  others,  not  given),  that  all  variations  of  the  value  of  4>  are  related  with 
the  variation  of  the  location  of  isogauss  inside  this  fixed  region  basically  a  closed 
region  with  S-polarity,  in  the  area  of  strong  ( S  300  to  500  gs)  fields;  contribution 
from  the  periphery  to  the  variation  of  4>  is  insignificantly  small  and  comprises 
not  more  than  10  to  20%.  Furthermore,  it  is  difficult  to  compensate  the 
"imbalance"  (the  excess  of  the  S-flux  which  rapidly  occurs  before  the  flare) 
by  the  N-flux  which  is  somewhere  around  the  region  of  low  below-the-noise-level 
fields.  Indeed,  if  this  were  so,  then  to  compensate  the  flux  around  1022/icp  for  a 
field  H  =  1  gs  (noise  level),  one  would  need  a  region  with  an  area  of  10*1  cm  - 
almost  1.5  times  the  radius  of  the  Sun,  which  is  improbable. 

One  should  also  note  that  one  cannot  judge  the  behavior  of  $  =  Fg  -  Fjj 
unbalance  in  the  groups  from  the  routine  data  of  the  Solar  Services,  that  is,  from 
fluxes  obtained  by  multiplying  the  areas  of  umbra  spots  by  the  corresponding 
measured  peak  strength,  summarizing  these  products  for  N-  and  S-polarity  and 
then  subtracting.  This  is  very  well  seen  on  Figures  15  and  17  where  the  data  found 
by  means  of  Solar  Services  sketches  (or  photoheliograms)  are  given  in  the  graphs 
of  Fg  -  Fjj  as  a  dot  with  a  circle.  We  see  that  for  the  2  Sept  1966  flare,  one 
obtains  a  behavior  more  or  less  close  to  the  one  which  follows  from  the  planimetry 
of  isogauss  maps.  For  the  16  July  1959  flare,  these  Fg  -  Fjj  data  do  not  show  any 
variation  of  the  flux  even  though  planimetry  gives  a  well-defined  effect,  and  for  the 
7  July  1966  flare,  one  even  obtains  a  behavior  opposite  (in  sign  and  magnitude)  to 
that  which  follows  from  planimetry.  One  cannot  rely  on  the  picture  of  the  nuclei  of 
spots  and  of  the  strength  of  their  field,  not  only  because  they  do  not  always  give 
H|| ,  but  because  the  main  source  of  errors  consists  in  that  the  nuclei  sometimes 
contribute  very  little  to  the  area  into  the  resulting  flux,  as  for  example,  that  which 
occurred  on  5  to  7  July  1966,  when  the  nuclei  of  Ihe  spots  of  S-polarity  of  July  5 
and  6  remained  fine,  at  the  time  when  nuclei  of  the  N-polarity  already  grew  strong 
by  July  6  (especially  the  leader).  Only  the  areas  of  the  nuclei  of  S-  and 
N-polarities  of  July  7  became  more  or  less  equal.  At  the  same  time,  the  area  of 
the  S-polarity  region  was  growing  much  faster,  according  to  the  isogausses,  before 
the  flare  than  the  same  one  lor  the  N-polarity,  and  the  S-polarity  isogausses,  with 
greater  strength,  occupied  a  region  much  larger  than  the  total  area  of  the  S-spots 
nuclei. 

The  "imbalance"  of  fluxes  is  a  phenomenon  generally  characteristic  for  groups 
of  spots:  essentially  a  unipolar  spot  is  an  extreme  example  of  such  an  "imbalance". 
However,  while  it  is  stationary,  which  is  usually  observed,  there  is  no  flux  varia¬ 
tion.  Such  "imbalance"  is  also  noted  on  the  stage  of  development  of  the  bipolar 
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group  (Gopasyuk,  1967a)  when  one  of  the  spots  (leader  or  tail)  grows  in  such  a  way 
that  the  imbalance  of  fluxes  of  both  spots  existing  in  the  growth  stage  decreases 
and  disappears  at  the  end  of  the  group  development*.  Thus,  for  example,  it  was 
found  by  Gopasyuk  (1967a)  that  the  imbalance  =  2  x  1020  /icp  (that  is,  the  tail 
region  minus  the  leader  region)  existing  in  the  initial  development  phase  disap¬ 
peared  after  12  hr.  This  gives 

-A4  =  2--10— ■■  =  4.65  X  1015  /xcp/sec 
m  4.3  x  10* 

which  is  10  to  20  times  smaller  than  the  values  found  above  for  the  proton  regions. 
It  is  possible  that  this  means  for  usual  non  "proton"  regions,  we  cannot  expect  the 
appearance  of  substantial  emf's  and  the  generation  of  particles  with  energies 
greater  than  a  few  Mev  for  flux  variations,  that  is,  such  regions  cannot  be  sources 
of  hard  particles.  Since  group  decay  is  also  accompanied  by  flux  imbalance, 
apparently  then,  one  car.  assume  that  the  emf  and  the  particle  generation  can  be 
associated  with  the  growth  phase  or  that  of  decay  of  the  group  of  spots.  To  this 
corresponds  a  well  known  fact  that  the  flares  appear  most  frequently  during  the 
period  of  growth  and  decay  of  spot  groups. 

However,  the  measured  variation  of  the  flux  relates  to  the  region  bound  by  a 
stationary  geometric  contour,  for  which  emf  is  calculated.  Inasmuch  as  plasma 
moves,  we  must  know  the  flux  through  the  area  vound  by  the  moving  contour  is 
associated  with  the  one  and  same  group  of  particle.  Flux  variation  through  the 
area  of  a  contour  moving  with  a  velocity  v  is  (see  for  example,  the  works  of  Alfv§n 
and  Falthammar,  1963) 


(dfl  = //|^ds  +  x  ds)H  =  (|^)  -  // rot(v  x  H)ds 

Mov.  stat 

=  -  c  //  rot  |  E  +  [v  x  H]  j  ds 
according  to  Maxwell's  equation 


.  „  _  1  8H 

rot  E  -  -  —  —  . 
c  9t 


Otherwise,  Eq.  (4)  can  be  written  as 
'  c  (If)  =  *E'ds' 


mov 


*Conservation  of  the  flux  balance  for  a  developed  group  was  found  by 
Stenflo  (1968)  (see  Sec.  7). 


(4) 


(5) 
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where  E'  is  the  strength  in  the  moving  contour 

E'  =  E  +  i[vx  =]1,  (6) 

where  j  is  the  current  density;  Eq.  (6)  also  directly  follows  from  the  Lorentz  trans¬ 
formation  (Alfven and  Falthammer,  1963,  para.  1  through 3)’  for  a  =00,  E1  =  0  and 
(d$/dt)niov  =  0,  that  is,  the  flux  through  the  region  supported  u.r  the  moving  contour 
does  not  change;  emf  in  this  contour  is  equal  to  zero.  Let  us,  however,  evaluate  the 
actual  value  of  E*.  We  are  measuring  the  value  of  emf  for  a  stationary  contour 

*-(!?)  =  $  Eds  =  3.33  (105tol06)CGSE 

c  l8t  stat 

and  letting  the  length  of  the  contour  be  of  the  order  of  the  length  of  the  active  region 
L  =  10^®  cm,  we  obtain 

{3.33  x  1CT4  for  strong  flares 

r  (7) 

3.33  x  10~5  for  weak  flares  . 

The  emf  associated  with  the  motion  and  the  induction  intensity  ^vxH  can  be  esti¬ 
mated  by  a  different  method:  (a)  from  the  reduction  of  the  region  of  S-polarity,  as 
it  can  be  judged  from  tne  location  of  the  line  H||  -  0  and  individual  isogauss  on  the 
maps  of  the  longitudinal  field  in  Figures  4  tl  lough  10  and  others;  (b)  from  the  vari¬ 
ation  (expansion)  of  the  size  of  the  penumbra  and  the  spot  nuclei;  (c)  from  the  vari¬ 
ation  of  the  distances  between  the  one  and  same  spots;  «.ud  (d)  from  the  direct 
measurements  of  longitudinal  beam  velocity  for  the  groups  at  *he  edge  of  the  disk 
with  a  magnetograph.  The  average  values  of  maximum  velocities,  evaluated  ;n  such 
a  manne-  are  given  in  Table  3. 


Tcble  3 


Method 

1st  Region 
cm/sec 

2nd  Region 
cm/sec 

Method 

1st  Region 
cm  /sec 

2nd  Region 
cm /sec 

a 

0.85  x  104 

1.05  X  104 

c 

0.50  x  104 

- 

rpenumbra 

0.95  X  104 

1.30  x  104 

d 

<1.50  x  104 

<1.50  x  104 

b 

1  nucleus 

1.20  x  104 

0.80  x  104 
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The  obtaining  of  these  values  may  be  clarified  by  means  of  an  example.  Con¬ 
sider  a  comparison  of  situations  in  a  group  and  in  magnetic  fields  on  July  6  and  7; 
(a)  maps  on  Figures  5  and  6  show  t  *he  closed  region  of  S- polarity  shrunk  on 

July  7  in  the  N-S  direction  from  8.5  to  13.5  arc  s  (from  7  lo  11.5  km  per  day)  which 
gives  a  velocity  va  -  (0.3  to  1.3)  x  104  cm/sec.  From  the  isogauss  H(|  =  200,  this 
reduction  is  somewhat  lesser,  va  =  (0.5  to  0.8)  X  104  cm/sec;  (b)  sketches  of  the 
spots  for  July  6  and  7  show  that  the  penumbra  from  the  6th  to  the  7th  shrunk  (in  the 
N-S  direction)  by  a  value  from  6.7  to  11.7  arc  s  (from  5.7  to  10.0  km  per  day)  so  that 
v^  =  (C.7  to  1.2)  x  104  cm/sec;  and  (c)  the  distance  on  July  7  between  spots  a20  and 
S16  (they  are  also  N26  and  S25  for  July  6)  increased  after  the  flare  by  5  arc  s;  other 
spots  display  either  lesser,  or  the  absence,  of  shifts.  Therefore, 
vc  «  0.5  x  104  cm/sec. 

Analogous  estimates  were  made  from  comparison  of  fields  and  groups  on 
L  , .  1  and  2  *Figures  9  and  10);  there,  the  region  of  S-polarity  shrunk  more  in  the 
E-W  direction  (the  maximum  shift  of  the  H||  line  =  0.0  to  16 arcs), the  remaining 
shifts  comprise  from  12  to  13  arcs,  which  gives  v^  =  (0.9  to  1.2)  x  104  cm/sec  (inter¬ 
val  between  the  maps  is  of  1^12.  For  example,  the  distance  between  the  spots  S24 
and  S20  for  Sept  1  varied  by  12  arc  s  (spot  S20-S18  for  Sept  2),  which  gives 
vc  =  1.2  X  104  cm/sec.  For  other  spots,  the  variations  are  even  smaller  and 
vc  =  0.9  x  104  and  0.54  X  104  cm/sec  (there  was  no  substantial  variation  of  the 
distances  between  the  spots  of  Aug  31  and  Sept  1).  We  note  that  the  velocities  of 
particle  drift  are  of  the  same  order  and  follow  from  Gopasyuk  et  al„  (1963a)  for  a 
large  number  of  groups  with  flares.  The  evaluation  of  the  average  radial  velocities 
of  motion  V||  associated  with  the  flares  follow  from  Gopasyuk  (1964)  where  it  was 
found  that  during  the  flares,  the  velocities  of  fluxes  increased  only  in  the  region  of 
the  nucleus  and  penumbra  of  the  spot,  when  outside  of  the  spots  they  remained  un¬ 
changed,  not  exceeding  100  to  150  m/sec  (in  the  region  of  spots,  the  velocities  v(| 
do  not  exceed  300  m/sec,  while  during  the  flare  they  re-ch  0.5  km/sec  and  in  cer¬ 
tain  cases  1  km/sec).  In  particular,  in  the  July  6  and  7  group,  the  average  values 
of  the  measured  V|j  did  not  exceed  150  m/sec  outside  of  the  spots. 

Thus,  the  whole  combination  of  data  as  to  the  velocities  of  motion  of  plasma  in 
groups  of  spots  (in  particular,  the  ones  we  have  studied)  showed  that  the  plasma 
motion  velocities  at  the  level  of  measurement  of  the  magnetic  field  did  not  exceed 
100  to  150  m/sec.  This  means  that 
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considering  the  average  field  at  the  periphery  of  the  region  with  such  a  motion  as 
being  equal  to  100  gs.  If  one  takes  the  region  of  a  larger  field,  say  isogausses 
10  gs,  then  the  contour  length  L  enclosing  the  region  will  be  correspondingly  5  to 
10  times  smaller  so  that  Eq.  (7)  will  be  so  many  times  larger,  but  the  ratio  of  in¬ 
tensities  Eqs.  (7)  and  (8)  will  remain  the  same.  Thus,  in  the  case  of  strong  flares 
(see  Eq.  (3)),  the  relation 

^  |vx  HI/E  «  0.1  ,  (9) 

while  for  weak  ones  this  relation  is  of  the  order  of  unity.  This  means  that  in  Eq.  (6), 
one  can  neglect  the  second  term  and  consider 

E  »  E1  «  3  x  10"4  CGSE  (10) 

with  an  up  to  10%  accuracy  for  strong  flares.  In  this  case,  the  emf  that  we  calcula¬ 
ted  in  the  contour  (10®  v)  is  the  actual  emf  inasmuch  as  the  induction  emf  associated 
with  motion  is  negligible.  In  both  cases,  both  emf  are  of  the  same  order;  however, 
even  in  this  case,  the  absence  of  emf  in  the  lower  layer  (photosphere),  E*  =  0,  does 
not  mean  that  tn  the  upper  one  (chromosphere)  the  same  condition  is  satisfied  since 
the  plasma  motions  in  the  upper  layer  need  not  follow  those  in  the  lower  and  in 
principle  may  occur  even  in  opposite  directions.  This  will  mean  that  in  the  upper 
layer  (chromosphere),  the  emf  occurs,  when  in  the  lower  layer  (photosphere)  it  is 
absent.  This  is  helped  by  the  decrease  of  the  conductivity  value  a  in  the  chromo¬ 
sphere  (see  Eq.  (6)). 

The  result  of  Eq.  (10)  on  the  other  hand,  because  of  Eq.  (6),  shows  that  the 
assumption  of  a  =  co  is  unacceptable.  Indeed,  as  long  as  Eq.  (10)  is  realized,  one 
can  estimate  how  a  must  be,  since  the  value  j  must  also  be  estimated  from  field  H 
measurements.  Indeed,  measurements  of  the  field  gradient  show  (see  above  and 
also  in  Sec.  6)  that 

Irot  H  |  £  1.0  gs/km  =  10"5  gs/cm  , 


and,  consequently,  the  current  density 


1.26  x  10 


10'5  =  2.4  x  104 CGSE  . 


Since  la  =  3  x  10®  CGSE,  then  |j  |  <  10  °a,  and  the  total  current  from  the  region 
having  an  area  of  about  5  x  10^  cm  (characteristic  for  the  structure  of  the  picture 
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of  currents)  (see  the  works  of  Sevemyi,  1965b)  will  be  J  £  2.5  x  10*2  a,  as  it  is 
noted  in  these  works.  Consequently  from  Eqs.  (6),  (10),  and  (11)  we  obtain 


(12) 


which  is  three  to  four  orders  of  magnitude  below  the  usually  accepted  value 
(101*  -  1012).  The  fact  that  the  conductivity  must  be  theoretically  three  to  four 
orders  of  magnitude  lower  than  it  was  assumed  up  until  now  was  also  expressed  in 
the  works  by  Gopasyuk  (1964)  and  Schroter  (1964).  However,  this  conclusion  is  a 
simple  consequenc  e  of  measurements. 

Another  experimental  evidence  of  the  final  value  of  a  is  the  presence  of  motions 
across  magnetic  fields  in  the  spot  region  and  in  the  active  regions  (absence  of 
freezing  in),  as  follows  from  the  works  of  Gopasyuk  (1964  and  1967b).  Apparently, 
as  was  observed  also  in  the  works  of  Sevemyi  (1960a),  the  tendency  of  flares  to 
appear  on  the  lines  where  the  radial  velocity  v(|  disappears  is  not  accidental,  that 
is,  where  one  can  expect  a  strong  drop  of  the  induction  emf  i  [v  x  H]  and  where  the 
total  variation  of  the  field  flux  leads  to  the  actual  appearance  of  the  emf  and  pos¬ 
sibly  to  the  discharge. 

The  appearance  of  discharge  and  current  around  the  active  region  and  inside  it, 
the  possibility  of  which  is  indicated  by  the  given  evaluations  of  the  actual  emf,  is 
based  also  on  purely  observational  facts:  before  the  flares,  one  frequently  observes: 
clearly  fine  br*ght  and  white  (in  the  light  H„)  filaments,  passing  through  the  active 
region  (or  surrounding  it).  With  a  good  resolution,  direct  photographs  of  the  flares 
in  tia  show  their  fine,  well-spread-out  filament  structure  (sometimes  one  observes 
a  multitude  of  fine  bright  points  or  clouds)  similar  to  the  microstructure  of  the 
discharge*.  During  the  flares,  bright  large  clouds  appear  frequently  on  the  periph¬ 
ery  of  the  active  region,  where  already  there  is  no  noticeable  magnetic  field.  If  the 
flare  process  is  associated  with  the  discharge  around  the  active  region  or  through 
it  (in  the  directions  where  the  conductivity  is  maximum,  in  particular  along  the 
zero  line),  then  the  appearance  of  such  clouds  could  be  understood.  In  behalf  of  the 
explanations  of  flares  by  discharge  phenomenon,  the  comparison  of  the  location  of 
flares  with  electric  currents,  performed  by  Moreton  and  Severnyi  (1968)  is  ascer¬ 
tained,  as  well  as  the  analogous  comparison  carried  in  Sec.  6  for  the  studied  proton 
groups. 


♦Reference  can  be  made  to  the  excellent  photograph  with  high  resolution  per¬ 
formed  by  3ruzek  et  al.  and  already  given  in  the  just-published  issue  Mass  Motions 
in  Solar  Flares  and  Related  Phenomena,  edited  by  Y.  Ohman,  Novel  Symp.  £(1968). 


36 


4.  POSITION  OF  FLARES  RELATIVE  TO  THE  LONGITUDINAL 

AND  TRANSVERSAL  MAGNETIC  FIELDS 

The  first  studied  active  region  passing  across  the  disk  from  28  June  to  10  July 
1966  at  the  latitude  of  about  33  to  35°N  and  which  gave  a  proton  flare  on  July  7, 
occurred  at  the  periphery  of  the  old  active  region.  In  accordance  with  what  was 
said  in  Sec.  2  about  the  magnetic  configuration,  two  series  of  spots  of  opposite 
polarities  aligned  themselves  here,  almost  parallel  to  the  equator,  and  on  July  5, 
the  spots  of  opposite  polarity  were  inside  the  common  penumbra  which  is  the  char¬ 
acteristic  property  of  the  group  with  proton  flares.  Excellent  photographs  of  the 
July  4  to  8  group  were  obtained  by  Steshenko  (1968).  The  proton  flare  of  importance 
2b  occurred  on  7  July  1966  at  0^34m  UT.  Prior  to  it,  the  flare  activity  was  relatively 
weak:  some  activity  was  observed  on  July  6  when  at  5^34m  and  6^34m  UT  two 
flares  of  importance  lb  and  a  series  of  smaller  flares  occurred.  (All  flares  which 
occurred  in  the  active  region  are  given  in  Table  4.)  Both  of  these  flares  were 
observed  on  the  coronagraph  KG-1  at  the  center  of  the  line  Ha  and  also  on  both 
sides  from  the  center  at  distances  ±0.5  A,  which  allowed  the  position  of  the  flares 
relative  to  the  spots  to  be  t'etermined  quite  accurately. 

Surprisingly,  all  July  6  flares  took  place  precisely  in  two  small  regions 
(within  a  few  seconds).  Such  a  picture  was  observed  also  on  the  next  day,  when  a 
large  proton  flare  occurred  in  the  form  of  two  large  clouds  located  approximately 
in  the  same  manner  as  the  July  6  flares. 

The  second  region  passed  across  the  disk  from  Aug  23  to  Sept  3  at  a  latitude 
of  22  to  25°N  and  gave  two  proton  flares:  the  first  on  Aug  28  at  15.21  UT 
(importance  2  2 :  22°N,  0.5°E)  and  the  second  on  Sept  2  at  5.48  UT  in  a  group  of 
spots  where,  similarly  to  the  case  of  the  July  group,  one  observed  magnetic  poles 
opposing  each  other  —  spots  of  opposite  polarity,  but  the  magnetic  axis  here  was 
tilted  by  an  angle  of  about  45  deg  to  the  parallel. 

We  consider  the  position  relative  to  the  longitudinal  and  transversal  field  for 
which  we  possess  original  Ha  films  namely,  a  series  of  flares  on  July  6  and  7, 
among  them  the  proton  flare  at  0.26  UT  (Ha  -film,  which  was  obtained  at  the 
SibIZMIRAN),  and  also  flares  cn  Aug  30  to  Sept  2,  H„ -films  of  which  were  obtained 
on  the  coronagraph  KG-1,  including  the  proton  flare  at  5.48  UT  on  Sept  2.  The  pro¬ 
ton  flare  at  15.21  UT  on  Aug  28  was  not  studied,  since  we  did  not  have  in  our  pos¬ 
session  the  Ha  film  of  this  flare.  Since  taking  of  Ha  films  of  the  flares  on  KG-1 
was  performed  in  the  center  of  Hq  by  ±0.5  A,  this  allowed  us  to  reliably  define  the 
position  of  the  flares  relative  to  the  group  spots.  With  the  corresponding  enlarg-- 
ment,  one  makes  a  sketch  -  a  map  of  a  group  of  spots  —  with  marks  of  polarity  and 
strength  of  the  spots,  using  photoheliograms  (obtained  on  the  AFR-2  at  Simeis) 
and  sketches  of  the  groups  obtained  during  regular  determination  of  the  magnetic 
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Table  4* 


Date, 

1966 

Time,  UT 

Coordinates 

Importance 

Remark 

Beginning 

End 

7/4 

03.06 

08.31D 

34N 

10W 

3  x  s 

09.00E 

10.51 

35 

10 

In 

11.55E 

13.35 

34 

16 

In 

14.10 

20.12D 

34 

16 

6  x  s 

7/5 

00.51 

24.00 

34 

32 

16  x  s 

7/6 

00.31 

01.30D 

34 

34 

In 

01.55E 

02.09D 

33 

32 

In 

04.14E 

05.00D 

34 

35 

sn 

05.34 

05.50 

35 

37 

lb 

KG-1 

06.34 

07.20 

34 

36 

In 

KG-1 

08.12 

09.00D 

35 

39 

In 

KG-1 

09.14 

14.10D 

35 

37 

lb 

12.59 

16.00D 

35 

38 

3  x  s 

17.42E 

19.00D 

34 

44 

In 

19.36 

21.00 

31 

4" 

sn 

20.30 

21.12 

34 

45 

In 

21.10 

22.55D 

35 

47 

3  x  s 

7/7 

00.26 

02.39 

35 

47 

2b 

SibIZMIR 

04.20E 

06.00 

36 

48 

lb 

08.00 

10.00D 

35 

50 

In 

KG-1 

10.56E 

— 

35 

50 

In 

11.15E 

11.35'D 

35 

50 

In 

11.50E 

12.19D 

35 

50 

In 

12.22E 

13.00D 

35 

50 

In 

13.20 

— 

35 

50 

In 

KG-1 

18.17 

20.17 

35 

60 

4  x  a 

21.32 

21.50 

34 

61 

If 

8/26 

08.20 

15.48 

21 

28E 

4  x  s 

17.28 

19.00 

24 

22 

2n 

21.46 

22.40 

24 

31 

2n 

23.15 

23.52 

24 

22 

sn 

8/27 

02.10 

02.40 

24 

29 

sb 

12.56 

13.37 

20 

15 

ib 

16.00 

19.10 

22 

13 

4  x  s 

20.07 

23.47 

22 

10 

In 

8/28 

03.18 

07.34 

23 

05 

2  x  s 

09.00E 

10.05D 

25 

02W 

In 

13.09 

13.22 

26 

03E 

sf 

15.21 

20.00 

22 

05 

22 

16.40E 

17.50 

21 

00 

In 

18.18 

22.55 

22 

01 

5  x  s 

♦The  flares,  identified  by  KG-1,  were  taken  from  observations  of  the 
Crimean  Astrophysical  Observatory;  the  flares,  identified  by  SibIZMIR,  were 
taken  from  observations  of  Sib  IZMIR  AN;  the  others  from  Solar  Geophysical  Data 
(Boulder).  For  the  combined  sub-flares,  the  mean  coordinates  are  indicated. 
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Table  4  (Contd) 


Date, 

1966 

Time,  UT 

Coordinates 

Importance 

Remark 

Beginning 

End 

8/29 

05.33 

06.43 

22N 

07W 

lb 

08.49 

09.12 

20 

05 

sn 

12.06 

12.33 

21 

10 

If 

13.18 

15.07 

22 

11 

lb 

14.54 

19.21 

22 

11 

3  x  s 

20.21 

22.01 

24 

18 

lb 

8/30 

02.12 

02.58 

24 

20 

lb 

11.37 

12.44 

23 

23 

In 

KG-1 

13.47 

14.17 

22 

27 

sn 

14.50 

16.21 

23 

27 

2n 

18.50 

21.58D 

25 

25 

4  x  s 

8/31 

00.02E 

00.21D 

22 

30 

In 

00.36 

02.35 

22 

30 

2n 

SibIZMIR 

02.50E 

04.21 

22 

28 

2n 

06.04E 

06.20D 

27 

32 

In 

09.48 

— 

22 

37 

In 

KG-1 

11.51 

12.07 

23 

35 

In 

KG-1 

12.53 

13.50 

22 

40 

In 

KG  1 

15.40 

18.48 

23 

36 

3  x  s 

18.35E 

20.09 

22 

36 

In 

20.13 

21.30 

22 

43 

3  x  s 

9/1 

00.34E 

11.05 

22 

45 

16  X  s 

11.46 

12.15 

26 

45 

In 

KG-1 

12.17 

— 

22 

50 

In 

KG-1 

12.40 

12.55 

26 

45 

In 

KG-1 

13.06 

13.15 

22 

54 

In 

KG-1 

13.48 

22 

54 

In 

KG-1 

22.10 

23 

52 

7  x  s 

9/2 

00.08 

04.12 

23 

55 

5  x  s 

05.48 

— 

24 

56 

3n 

KG-1 

13.04 

23.38 

24 

66 

7  x  s 

field  of  the  spots  on  the  horizontal  solar  telescope  (see  Koval1  and  Stepanyan,  1970).  In 
addition,  for  both  groups,  we  had  several  excellent  photographs  in  white  light  on 
35-mm  cine'-film*,  which  was  used  to  better  define  the  structure  of  the  group  of 
spots  and  to  compare  fields  with  fine  group  structure.  By  projecting  the  Ii0  film 
on  the  r..ap  of  the  spots  (by  means  of  superposition  of  the  locations  of  at  least  three 
spots),  and  knowing  the  spot,  one  can  fix  the  location  of  the  flare  inside  the  group 
utilized  for  the  scanning  of  the  active  region  (performed  by  means  of  the  guide  BST 
giving  a  720-mm  picture  of  the  Sun)  and  knowing  the  direction  of  the  daily  parallel, 
we  were  able  to  fix  the  position  of  the  flares  on  the  maps  of  transversal  and  longi¬ 
tudinal  fields. 


*This  cine'-film  was  kindly  made  available  to  us  by  N.V.  Steshenko. 
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Usually  the  very  initial  phase  of  flare  development  was  selected,  when  the 
flare  consisted  of  separate  bright  points,  well  seen  in  Ha  as  well  as  (sometimes) 
outside  the  band  at  ±  0.5  A  from  the  center.  For  proton  flares,  certain  (with  the 
best  picture  quality)  position  of  the  flares  in  the  maximum  phase  of  development 
were  fixed.  As  it  is  noted  in  the  works  of  Moreton  and  Sevemyi  (1968),  the  error 
of  such  a  method  of  fixing  the  location  of  flares  consist  of  ±  2  arc  s.  Noticeable  indi¬ 
vidual  motion  of  the  spots  forced  us  to  select  sketches  of  groups  and  maps  which 
were  closest  in  time  to  the  flare  and  to  each  other.  The  majority  of  the  studied 
flares  is  shown  in  Figures  4  through  10.  However,  during  thorough  analysis  of  the 
flare  location  we:  (1)  studied  also  the  sub-flares;  and  (2)  could  not  make  a  strict 
comparison  which  can  only  be  made  by  means  of  crosses  in  Figures  4  through  10, 
since  for  greater  accuracy,  other  maps  for  the  same  day  were  selected  which  were 
closer  to  the  instant  of  the  flare  and  which  presented  greater  interest.  Therefore, 
the  comparison  which  can  be  made  with  the  help  of  Figures  4  through  10,  even 
though  providing  in  general  a  correct  representation,  will  still  not  be  detailed. 

The  locations  of  17  bright  knots  were  examined  only  for  the  first  group  of 
spots  and  30  for  the  second,  not  including  the  long  filaments  and  large  clouds  of 
proton  flares  in  the  maximum  phase  of  their  development.  For  the  first  group, 
maps  were  taken  for  X6103  because  of  the  great  proximity  of  the  level  of  this  line 
to  the  chromosphere.  For  the  second  group,  recordings  in  X6103  were  fragmental, 
and  maps  were  selected  for  X5250  only.  The  preference  was  furthermore  given  to 
the  "green"  photometer  because  of  better  focussing  of  the  spectrograph  camera  in 
this  case. 

Further,  as  it  was  noted  in  Sec.  2,  H||  and  H ^  maps  show  a  great  similarity 
especially  through  a  one  day  period,  while  the  configuration  of  the  spots  sometimes 
changes  noticeably  during  the  day.  Such  a  situation  frequently  permits  a  choice  of 
one  of  the  H||  maps  and  one  of  the  maps  as  characteristic  for  the  magnetic  con¬ 
figuration  of  the  given  day,  taking  their  proximity  to  the  flare  into  account,  and  then 
use  them  together  to  form  a  combined  map  of  the  field  containing  certain  charac¬ 
teristic  isogausses  ("hills")  of  the  field  H|j  and  of  the  direction  Hj^  (without  indi¬ 
cating  the  length  of  the  vector,  if  it  exceeds  10  mm  of  potentiometer  deviation). 

Such  maps  are  most  convenient  for  comparing  the  position  of  flares  relative  to  the 
longitudinal  and  transversal  fields;  they  were  composed  for  July  6  and  7,  Aug  31, 
and  Sept  1  and  2  and  were  shown  in  Figures  18  and  19.  They  also  show  which  maps 
(from  Table  1)  were  used  and  that  the  flares  are  numbered. 

Let  us  consider  the  position  of  the  flares  relative  to  the  longitudinal  field. 
Surprisingly,  all  flares  of  6  July  1966,  including  lb  at  5,34  UT,  accurately  appeared 
simultaneously  in  the  form  of  small  bright  formations  in  two  and  the  same  points, 
one  in  which  B  coincides  with  the  neutral  line  H  u  =0,  and  the  other  in  which 
A  extends  across  from  the  first  point  at  a  distance  approximately  15  arc  s  from  it 
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Figure  18.  Comparison  oi  the  Maps  of  the  Longitudinal  H|| 
and  Transversal  Hx  Fields  With  Locations  of  Flares  for 
6  and  7  July  1966  (denoted  by  hatched  lines  on  the  inner  side) 


northward,  in  the  middle  of  the  isogauss  contour  of  S- polarity  of  greatest  strength 
at  the  "top  of  the  hill"  (Figure  18,  top).  Both  of  these  flaring  regions  occurred 
approximately  at  the  same  place  where  the  bright  regions  also  occurred  and  which 
were  occupied  by  the  proton  flare  of  July  (Figure  18,  bottom).  For  the  proton  flare 
of  July  7,  we  give  its  location  at  different  times  determined  independently  from 
different  frames  (the  spots  were  poorly  distinguishable  on  the  H„-film)  which, 
although  not  poorly  coinciding  with  one  another,  show  that  even  though  the  beginning 
of  the  flare  is  not  recorded,  the  proton  flare  during  the  first  minutes  oi  its  exis¬ 
tence  formed  two  gigantic  shiny  filaments,  extended  approximately  along  the  neutral 
line  (parallel  to  it)  and  located  on  both  sides  from  it  -  one  large  cloud  at  the  north 
and  another  thin  filament  to  the  south  from  the  line  H  j|  =0. 

As  seen  in  Figure  18,  the  northern  flare  cloud  was  extending  rapidly  eastward 
with  time  (from  0.37  to  0.44 UT,  displacement  by  18.8 arc  s).  The  displacement 
velocity  of  the  eastern  boundary  of  the  cloud  was 

v  »  —  x  IQ  km/sec  =  36 km/sec  . 

4.2  x  10£ 
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Figure  19.  Same  as  in  Figure  18  for  31  Aug  and  1  and 
2  Sept  1966 


Apparently  this  process  was  not  a  real  motion  but  rather  an  expansion  of  the 
excitation  front,  since  after  2  min  at  0.46  UT,  a  substantial  part  of  the  cloud  to  the 
east  of  the  middle  became  extinct  (it  is  possible  that  it  left  the  band).  The  south 
filament  of  the  flare  broke  into  two  at  that  time,  although  it  is  possible  that  loss  of 
visibility  in  the  middle  of  the  filament  was  due  to  a  fast  ascension  of  the  middle 
portion.  (Let  us  note  that  the  proton  flare  is  intentionally  plotted  on  the  map  of  the 
preceding  day  to  clarify  the  possible  peculiarities  of  the  field  wnich  preceded  the 
proton  flare.)  Table  5  gives  the  distances  (shortest)  of  the  knots  of  A  and  B  flares 


Table  5 


Flare,  UT 

dA 

dB 

Flare,  UT 

dA 

dB 

7/6/66 

7/7/66 
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4.32,  end  sn 

10"  N 

1.2  N 
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1.8-s"o  N 
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ft 
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4.52,  sf 

1.2%  0 
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II 

II 

II 

5.08,  If 

14”  N 

3.1  S 

0.44,  2b 

3.1-9.4  N 

3.1-9.4  S  | 

5.34,  lb 

17”  N 

0-1.2  S 

II 

0.46,  Zb 

2.8-6.'2  N 

3.1-11"  S 

6.34,  In 

11-17"  N 

0-1.2  S 

II 

Average 

3.4-9.8  S 

8.28,  In 

9"N 

1.2  S 

3.54 

mm 

_ 

Average 

iluJUHi 

8.00,  In 

uUHtt 

1 

■Hi 

13.40,  In 

- 

of  July  6  and  7  from  the  neutral  line.  For  the  proton  flare  of  July  7  at  0.26  UT,  the 
largest  and  smallest  distances  of  A  and  B  filaments  are  given.  On  the  average,  as 
it  is  seen  from  Table  5,  both  extended  clouds  of  the  flare  were  located  approxi¬ 
mately  symmetrically  with  respect  to  the  line  H  ||  =  0  at  distances  of  2.8  to  9.8  arc  s 
from  it  in  the  regions  of  opposite  polarity  —  a  fact  noted  for  other  flares  for  the 
first  time  by  Moreton  and  Sevemyi  (1968).  Further,  if  one  constructs  a  histogram 
for  17  knots  of  flares,  contained  in  Table  5,  one  obtains  a  distrit  uiion  (Figure  20, 
left)  showing  a  grouping  of  values  within  two  intervals:  0  to  6  arc  s  and  12  to  18  arc  a 

The  gradient  of  the  longitudinal  field  at  the 
neutral  line  in  the  region  of  flare  occurrences 
2S\ _  !  of  July  6  and  7  was 
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0  S  12  It  0  S  12  IS 
d"  from  Hj-X  d"  from  H0-P 

Figure  20.  Histograms  of  the 
Locations  of  Bright  Knots  of 
Flares  in  the  First  and  Second 
Active  Regions  Relative  to  the 
Neutral  Line  H =  0 


0.4  gs/km  for  X6103, 

5  gs/km  for  X5250 , 

that  is,  it  was  very  large  —  typical  for  flares 
of  this  kind  according  to  Gopasyuk  et  al  (1963a). 

A  similar  picture  of  location  of  flares 
can  be  noted  also  in  the  second  group 
(Figure  19).  On  Aug  31,  four  sources  of 
flares  were  active  (denoted  by  A,  B,  C,  and  D 
on  Figure  19).  The  first  two  of  them,  A  and  B, 
are  located  near  the  neutral  line  to  the  north 
and  south  of  it.  The  Sept  1  flare  occurs  in  the 
A  and  C  regions:  the  source  E  also  occurs. 
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On  Sept  2,  at  the  beginning  of  the  proton  flare,  the  first  bright  points  appear 
immediately  in  the  regions  A,  B,  C,  D,  and  E.  The  bright  knots  of  the  A  and  B 
flares,  clearly  visible  at  5.48  and  5.52  UT,  are  located  (B  flare)  on  the  neutral  line 
H  n  =  0,  and  the  other  (A  flare)  to  the  north  of  it  at  a  distance  of  abc  15  arc  s,  which 
is  approximately  the  same  as  happened  before  the  proton  flare  of  Jul>  Shortly, 
after,  as  for  the  July  7  flare,  two  powerful  clouds  formed  in  the  center  of  the 
region;  filaments  are  extended  along  the  neutral  line  H  u  =  0  (almost  parallel  to  it). 
However,  the  northern  one  unites  both  sources  A  and  C  —  occurrence  of  the  first 
bright enings.  In  addition,  extended  clouds  in  the  regions  D  and  E  occur  also,  but  we 
will  not  give  them  because  of  the  absence  in  these  regions  of  variations  of  trans¬ 
versal  fields.  (The  clo>  js  usually  appear  at  the  periphery  of  the  group  and  appar¬ 
ently  are  rather  a  secondary  formation,  even  though  first  brightening  of  these 
clouds  also  happens  to  be  well  related  to  the  neutral  line  H  (|  =  0.)  The  formation 
o  bright  shiny  ribbons  on  both  sides  of  the  magnetic  axis  of  the  group  (parallel  to 
the  line  H  jj  =  0)  was  also  noted  earlier  for  flares  with  cosmic  rays  by  Sevemyi 
(1963)  and  Ellison  et  al.  (1961).  Apparently  this  is  one  of  the  characteristics  of 
proton  flares. 

The  connection  of  the  bright  knots  of  the  flares  of  Aug  31  to  Sept  2  with  the 
neutral  line  turns  out  to  be  closer  than  for  the  flares  of  the  July  group,  as  is  shown 
from  the  histogram  of  Figure  20  (right);  out  of  32  knots,  28  are  located  at 
distances  <  12  arc  sand  19(60%)  at  distances  less  than  6  arcs.  The  Sept  2  proton  flare 
occurred  in  the  region  with  a  longitudinal  field  gradient  at  the  line  H  u  =  0 

/  AH||  \ 

jjjjj — J  -  0.13  gs/km  for  X5250 

a  value  smaller  than  for  the  July  7  flare,  but  typical  for  the  occurrence  of  strong 
flares  according  to  Gopaayuk  et  al.  (1963a).  It  is  possible  that  smaller  gradients 
as  well  as  smaller  flux  and  energy  H?|V/8w,  for  this  active  region  after  Aug  30, 
are  associated  with  the  occurrence  prior  to  that  of  strong  flares  (importance  j>  2, 
as  for  example,  the  flare  of  Aug  28)  which  lead  to  partial  "discharge"  of  the 
stressed  condition  of  the  magnetic  configuration. 

Let  us  consider  the  location  of  flares  relative  to  transversal  fields,  given  also 
in  Figures  18  and  19.  For  the  first  region  prior  to  the  flare  of  July  7,  one  observes 
a  particularly  characteristic  picture:  on  July  6,  the  homologous  flares  A  occur  in 
the  region  of  the  radiant  of  the  vector  Hj_  directions,  when  flares  B  occur  in  the 
region  where  the  directions  of  the  vectors  intersect  at  a  90-deg  angle,  forming 
here  a  cross  appearance  made  of  vectors  Hj_  going  in  directions  E-W,  and  of 
vectors  along  the  N-S  direction  (on  the  maps  of  for  July  7,  this  cross  disap¬ 
pears  at  the  site  of  the  flares,  and  in  the  F<  region,  one  observes  a  flux  of  vectors 


Hjl  only  in  the  E-W  direction)  (see  Figure  12b).  It  is  characteristic  that  this 
horizontal  flux  of  Hj_  directions  coincide  practically  with  the  neutral  line  H  u  =  0 
at  the  flares  site  B,  which  indicates  a  very  peculiar  field  configuration. 

Firstly,  on  one  side  of  the  line  H  ,|  =0,  the  longitudinal  component  is  directed 
towards  us  and  on  the  other  away  from  us.  Thus,  in  the  region  where  the  trans¬ 
versal  component  is  parallel  to  the  line  H  n  =  0  (to  the  left  of  B),  we  must  have  a 
contact  of  fields,  crossing  and  tilted  relative  to  the  plane  of  the  picture  (Figure  21, 
left),  such  that  on  one  side  of  the  line  H  u  =  0,  H  vectors  are  directed  inwards,  and 

on  the  other,  they  are  direc¬ 
ted  outwards.  Also,  the 
transversal  components  of 
these  fields  ab  and  a'b'  are 
approximately  parallel  to 
each  other.  Secondly,  to  the 
west  of  B,  the  picture  is  less 
complex  and  can  be  simply 
explained  if  the  line  of  force 
forms  one  arc,  the  trace  of 
which,  in  the  plane  of  the  pic¬ 
ture,  intersects  the  line 
H  ||  =  0  at  approximately  a 
right  angle  (Figure  21,  right). 

It  is  ven  difficult  to  imagine  the  combination  of  both  pictures  of  the  field  to 
the  left  and  to  the  right  of  B  without  making  use  of  the  concept  of  the  fact  that  the 
lines  of  force  responsible  for  the  configuration  on  the  left  are  located  in  the  other 
plane,  different  from  the  plane  where  the  lines  of  force  are  located  which  give  the 
configuration  on  the  right.  Thus,  the  lines  of  force  running  along  the  line  H  u  =  0 
(ab  and  a'b')  pass  in  the  other  layer  under  the  arc  of  line  of  force  (cd  and  c'd'). 

The  horizontal  directions  of  Hj^  ’irhich  appear  again  just  to  the  right  of  B  verify 
this.  An  impression  is  created  lhat  the  lines  of  force  from  the  pole  Sj  partially 
close  on  the  pole  N  passing  "under"  lines  of  force  connecting  poles  S  and  N;  that  is, 
the  closing  of  the  lines  of  force  does  not  go  to  the  nearest  pole  but  instead  criss¬ 
cross,  forming  a  typical  case  of  wrong  magnetic  connection  or  misconnection. 

In  order  to  assure  ourselves  of  the  reality  of  such  a  picture,  we  superimpose 
the  map  of  directions  Hj_,  Figure  18,  with  the  photograph  of  the  fine  structure  of 
the  spots,  kindly  put  at  our  disposal  by  N.V.  Steshenko  (Figure  22).  Aside  from  the 
field  and  fine  structure  filaments  (possibly,  because  of  the  difference  in  time 
between  the  obtaining  of  the  picture  and  the  field  and  very  fast  variation  Li  the 
group),  one  observes  a  ver,’-  good  c  rrespondence  almost  everywhere.  In  par¬ 
ticular,  the  joining  of  pen'  nbra  fi  ments  oriented  at  a  90°  angle  to  each  other 
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Figure  21.  Diagram  of  the  Possible  Location  of 
the  Lines  of  Force  in  the  Region  of  Bifurcation, 
6  July  1966 
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of  the  fields  Hj^  in  the  B 
region.  Regarding  our  maps 
of  H^,  if  one  could  assume 
that  their  resolving  power  is 
small,  and  therefore,  the 
intersection  of  near  B 
appears  because  of  the  low 
resolution,  then  the  photo - 
,  ,  graphs  of  the  spot  are  ob¬ 

tained  with  an  excellent 

Figure  22.  Comparison  of  the  Hi  Directions  ...  ...  ,  .  . 

(arrows)  with  Fine  Structure  of  the  Spot  resolution  quality  of  not  less 

(penumbra  filaments  are  dashed;  flare  regions  than  0.5  arc  s.  Therefore  the 

are  hatched)  .  .  ..  .  ...  . 

intersection  at  a  right  angle 

of  directions  in  the  B 

region  is  a  real  effect,  ascertained  by  a  fine  structure  of  the  penumbra  —  the 
orientation  of  its  filaments.  Such  a  construction  also  reveals  a  multiple  layer 
structure  of  the  spot:  to  the  left  of  B  we  see,  let  us  say,  a  deeper  layer  with  a  mag¬ 
netic  field,  which  is  sharply  different  (with  a  step)  from  the  field  to  the  right  of  B 
where  we  see  a  more  peripheral  layer  with  a  field  appropriate  to  it. 

The  region  of  intersection  of  the  fields  at  B  is  a  typical  example  of  the  region 
of  "bifurcations"  of  the  transversal  field  described  by  Sevemyi  (1964b)  and 
Moreton  and  Severnyi  (1968)  where  a  strongly  expressed  tendency  of  appearance  of 
flares  in  such  regions  (for  example,  83%  of  all  flares  in  the  Sept  1963  group)  is 
shown.  It  is  necessary  to  note  that  the  regions  A  and  B  are  regions  where  one 
observes  a  strong  transversal  field;  namely  the  following  average  values  of  Hj_  are 
typical  for  the  region  "under"  the  flare. 


Flare 


6  July  1966 

7  July  1966 


910  gs 
2000  gs 


620  gs 
540  gs 


Therefore,  the  regions  under  the  flare  cannot  be  regarded  as  neutral  points  or 
regions,  as  it  has  been  pointed  out  for  the  first  time  by  Michard  et  al.  (1961)  and 
Sevemyi  (1964b).  It  is  also  difficult  to  imagine  a  magnetic  configuration  for  which 
the  regions  A  and  B  would  be  neutral  points,  located  above  the  photosphere  (for 
further  discussion  about  the  absolute  field,  see  Sec.  5). 

A  more  diversified  picture  of  the  location  of  flares  relative  to  H  ^  is  observed 
for  the  second  group.  On  Aug  31,  all  the  sources  A,  B,  and  C  are  connected  with 
the  regions  of  "bifurcation"  -  intersection  of  Hj_  vectors  (Figure  19),  In  regions  B 
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and  A,  there  is  intersection  of  vectors  similar  i0  that  in  the  B  region  for  July 
flares.  At  the  source  C,  one  notes  the  joining  of  H  j_  vectors  of  opposite  directions. 
Characteristically,  this  region  coincides  with  the  closed  region  H  ||  =  0  which  makes 
such  a  feature  of  the  magnetic  field  similar  to  the  neutral  point.  In  the  A  region, 
there  are  two  features  of  the  field  pertaining  to  B  and  C.  On  the  map  of  Sept  1, 
one  shows  the  locations  of  the  flares  for  Sept  1  and  the  proton  flare  of  Sept  2. 

Here  also,  one  clearly  observes  the  initial  brightenings  of  the  flares  in  A,  B,  and  C, 
among  which  A  is  connected  with  the  region  where  Hj_  vectors  of  opposite  direc¬ 
tions  merge,  C  with  a  radiant  of  Hj^  directions,  and  in  the  B  region,  there  occurs 
a  strong  rotation  of  vectors  from  a  direction  close  to  W-E,  to  the  south. 

Let  us  now  examine  the  location  of  the  proton  flare  on  the  Sept  2  map.  Here 
these  "bifurcations”  at  A  and  C  are  clearly  defined,  as  on  Aug  31  and  Sept  1.  For 
E  there  is  no  sufficient  data,  but  in  D  one  notes  only  a  small  break  in  the  trend  of 
Hj^  directions.  The  smooth  trend  of  Hj^  directions  is  observed  in  the  B  region, 
where  one  of  the  flare  knots  occurred.  However,  on  Sept  1,  prior  to  the  flare  in 
this  region,  one  observes  sharp  rotations  of  the  H_l  vector,  but  it  is  known  that  the 
flares  do  not  infrequently  lead  to  vector  rotations  (see  the  work  of  Sevemyi,  1964b). 
The  Aug  31  and  Sept  1  maps  clearly  show  that  the  source  of  flares  in  B  is  connec¬ 
ted  with  the  crossing  of  Hj_  vectors  at  almost  a  right  angle  "bifurcation", 
characteristic  apparently  for  the  "intersection"  of  lines  of  force,  running  at  differ¬ 
ent  levels  (associated  with  misconnection)  as  for  the  knots  of  the  B  flares  of  July  6 
and  7.  The  Hjl  configuration  associated  with  A  and  C  on  Figure  19  is  similar  to 
that  for  knots  of  the  A  flares  of  July  6  and  7.  Large  transversal  fields  are  observed 
in  the  regions  of  appearance  of  the  flares  as  is  seen  in  Table  6.  This  apparently, 
as  in  the  case  of  July  7  flare,  excludes  the  possibil  ty  of  simple  identification  of 
locations  of  flare  appearance  with  neutral  points  in  the  photosphere  field. 


Table  6 


Flare 

A 

B 

C 

D 

E 

31  Aug  1966 

> 1000  gs 

>  960  gs 

520  gs 

180  gs 

- 

1  Sept  1966 

> 1000  gs 

>  1000  gs 

13G0  gs 

- 

- 

2  Sept  1966 

760  gs 

>  1000  gs 

880  gs 

- 

600 

The  rotations  of  Hj_  vectors  connected  with  the  appearance  of  flares  makes  it 
possible  to  assume  that  the  locations  of  appearance  of  flares  are  associated  with 
the  locations  of  a  strong  rotation  of  the  Hj_  vectors  with  depth,  which  follows  from 
con  parison  of  Hj_  maps,  obtained  at  two  different  lines  (the  effect  as  described  by 
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Severnyi,  1964a).  Simultaneous  recordings  in  X5250  and  X61C3  allow  us  to  con¬ 
struct  the  maps  on  which  are  simultaneously  plotted  the  vectors  Hj_  in  these  two 
lines,  and  the  location  of  flares  is  given.  Such  maps  were  made  for  Au;;  30  (13.40 
to  14.35  UT),  Aug  31  (two  maps:  10.00  to  11.30  and  14.30  to  15.30  UT),  and  also  for 
Sept  1  (8.07  to  8.50  UT).  But  the  study  of  the  location  of  flares  on  these  maps  has 
shown  that  there  is  no  sufficiently  well  defined  connection  between  the  flares  and 
the  positions  of  strong  rotations  of  the  vector  diming  the  passage  from  one  level 
to  another. 


5.  PROTON  FLARES  AND  TOTAL  FIELD  STRENGTH 

Ten  isogauss  maps  of  the  total  strength  |H  |  were  made  on  the  basis  of  the 
observe!*  maps  of  H||  and  Hj_  and  empirical  calibration  (Severnyi,  1967)  for  the 
group  of  July  4  to  7,  and  four  maps  for  the  second  group  of  Aug  30  and  31  and 
Sept  1  and  2*.  Examples  of  these  maps  on  Figure  23  for  the  first  active  group 
show  well  the  basic  process  which  accompanies  the  development  of  magnetic  con¬ 
figuration  of  such  groups  —  the  process  of  splitting  up  of  a  large  cross-section  of 
"monolithic"  tubes  of  lines  of  force  into  smaller  ones;  this  process  "/as  also 
recently  observed  in  the  works  of  Gopasyuk  (1960). 

One  can  also  see  from  Figure  2  3  that  the  isogauss  contours  cf  a  given  strength 
at  X4308  are  wider  than  for  X5250.  This  indicates  that  the  magne.  flux  and  the 
energy  at  the  lower  level  are  higher  than  at  the  upper  one.  The  lame  can  be 
obtained  from  planimetry  of  isogauss  maps  for  X*250  and  X4808.  Thus,  we  have 
lHl2V/87r  «  2  x  1033  ergs  for  X4808  when,  for  X5250,  this  value  is  of  about 
2  x  1033ergs.  if  the  volume  V  is  the  same.  This  can  mean  that  IHI  at  the  lower 
level  is  approximately  10  times  greater  than  at  the  lower  (sic)  one.  On  the  other 
hand,  actual  maximum  values  of  IHI  do  not  differ  by  more  than  a  factor  of  three. 
Further  maximum  values  of  the  field  strength  IHI  at  the  upper  level  X6103  are 
smaller  by  a  factor  of  about  three  than  the  strength  of  the  field  at  the  level  X5250. 

A  difference  by  a  factor  of  about  ten  between  X4808  and  X5250  obtained  from  ener- 
gies  IHI  V/8v  is  therefore  due  to  a  greater  area  of  the  isogauss  contours  on  the 
X4808  map  (greater  by  about  three  times).  Thus,  we  see  that  the  magnetic  field  of 
the  active  region  is  centered  basically  in  the  "deep"  layers  of  the  solar  atmosphere. 

n 

The  variation  of  the  magnetic  energy  |H|  ^V/Birfor  the  first  July  group  can  be 
examined  for  the  X6103  level,  for  which  we  have  maps  for  all  three  days,  July  5, 

6,  and  7;  the  behavior  of  this  value  is  shown  in  Figure  15;  the  increase  of  the 

j 

energy  up  to  6  .4  is  fully  realistic.  For  X5250,  we  did  not  possess  a  map  for 


#A11  these  maps  for  the  second  region  were  first  corrected  for  brightness. 
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July  6,  but  comparison  of 
data  in  Table  7  shows  that 
the  energy  at  this  level  prior 
to  and  after  the  flare  is 
approximately  equal,  that  is, 
that  the  initial  value  of 

9 

|H  |  V/8t  was  re-established. 

From  the  data  of  Table  7, 
we  can  also  see  that  the 
energy  of  the  upper  level 
X6103  is  approximately  three 
to  four  times  smaller  than 
the  energy  at  the  lower  level 
X5250,  which  is  basically 
associated  with  the  drop  in 
strength  outward. 

The  following  picture  of 
the  behavior  of  the  magnetic 
field  as  a  whole  is  the  most 
likely:  ascension  of  the  con¬ 
figuration  mass  forces  tubes 
upwards  and  then  their  lower¬ 
ing  down.  This  V’ill  lead  to  a 
temporary  increase  of  the 
energy  and  of  the  flux 
FS  +  Fn.  The  possibility  of 
such  a  process  is  indicated 
by  the  study  of  radial  veloci¬ 
ties  in  the  active  region  prior 
to  the  flares  and  after  them 
(Gopasyuk  et  al.,  1963b).  For 

the  second  group,  the  maps  of  |H  I  field  were  made  only  for  the  four  days,  and  the 
variations  of  |H  l2V/8v  are  also  given  in  Figure  15,  right.  Here  the  energy  value 
reaches  12  x  1022  ergs  at  a  maximum  on  Aug  3i  and  Sept  1.  That  is,  it  is  compar¬ 
able  to  the  energy  of  the  first  region,  more  precisely  about  two  times  smaller. 
However,  the  energy  of  the  longitudinal  field  of  the  second  group  was  four  times 
smaller,  which  indicates  a  relatively  greater  role  of  the  transversal  fields  in  this 
case.  We  have  for  the  first  group  (at  the  maximum)  H(|/  |H  |  =3/4,  when  for  the 
second  group  H jj/  |H  =  20  X  10^/10  X  1022  =  2/10,  that  is  in  the  first  case,  75% 
of  the  energy  was  contained  in  the  longitudinal  field  and  in  the  second  only  20%, 


Figure  23.  Example  of  Maps  of  Total  Strength 
IH  |  at  Different  Lines  for  the  First  Active 
Groups.  Hatched  areas  indicate  "wells" 
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Table  7 


Date,  July 

X,  A 

|H|2V/8t, 

ergs 

Date,  July 

x,  A 

|H  f2V/8ir, 
ergs 

5^34 

5250 

10.1  X  1032 

7^36 

6103 

6.45  X  1032 

5^39 

5250 

22.1  x  1032 

7^39 

5250 

17.7  X  1032 

5^39 

6103 

4.02  x  1032 

7^41 

5250 

20.9  X  1032 

6^28 

6103 

11.9  X  1032 

7^43 

5250 

15.5  X  1032 

while  80%  in  the  transversal  field.  It  is  possible  that  this  is  connected  with  the 
fact  that  the  configuration  in  the  first  case  "went  outside"  to  a  greater  degree  than 
in  the  second,  while  the  total  energy  is  comparable  in  both  cases  (two  times 
smaller  in  the  second  case).  In  addition,  it  is  known  (see  Sevemyi,  1964b)  that  at 
the  edges  of  the  field  configurations,  their  field  is  basically  transversal.  In  other 
words,  one  can  assume  that  the  second  region  (Aug  -  Sept)  did  not  develop  to  such 
a  stage  which  was  reached  by  that  of  July,  as  a  result  of  which  there  were  no  such 
strong  and  geoeffective  flares  as  the  July  7  flare. 

Figure  24  shows  isogauss  maps  for  July  6  and  7  on  which  flares  from  Figure  18 
are  plotted;  Figure  25  is  the  same  and  is  plotted  for  the  second  active  region  for 


t  0  -!  -I  -}  -* 


Figure  24.  Location 
of  the  Flares  of  July 
6  and  7,  1966  on  the 
Maps  of  Total  Inten¬ 
sity  |H|.  Crosses  de¬ 
note  scaling  region; 
wells  are  hatched; 
flares  of  the  6th  are 
cross-hatched;  flares 
of  the  7th  are  denoted 
by  hatches  along  the 
inner  edge 
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Figure  25.  Locations  of  Flares  of  31  Aug  and  2  Sept  1966  on  the 
Maps  of  Total  Intensity  |H  |.  Flares  are  hatched  along  the  inner 
edge;  wells  are  hatched  completely 


three  days:  Aug  31  and  Sept  1  and  2,  and  the  flares  from  Figure  1 9.  The  locations 
of  flares  on  these  ma.'  are  of  interest.  In  particular,  one  cannot  but  note  that  the 
flares  of  the  first  regies  on  July  6  and  7  occurred  in  the  region  where  the  gradient 
of  the  absolute  field  is  maximum  on  the  map  of  Figure  24,  namely; 

A|H  I /AS  =  0.37  gs/km  for  configurations  of  July  5, 

A|H|/AS  =  0.74  gs/km  for  flares  of  July  6  and  7,  0.33  UT,  and 
A|H  ! / A S  =  0.25  gs/km  for  flares  of  July  7  . 
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One  cannot  but  associate  the  occurrence  of  flares,  in  particular  of  the  large  p-flare 
of  July  7,  with  a  deep  "ravine",  reaching  from  the  south  the  most  powerful  "pole" 
of  the  group  (source  B  on  July  6  and  source  A  on  July  7).  At  the  same  time,  the 
source  of  the  A  flare  of  July  6  is  above  the  region  of  the  maximum  absolute  field. 

Flares  of  the  second  group,  in  particular  that  of  August  31,  occurred  in  loca¬ 
tions  with  large  gradients  of  |H  I,  as  is  seen  from  Table  8.  Their  majority  is  loca¬ 
ted  on  the  "slopes"  of  the  hills  of  the  field  IH  I. 


Table  8 


Date, 

1966 

Flare 

UT 

Class 

AIHI/AS 
(for  separate 
knots),  gs/km 

Date, 

1966 

Flare 

UT 

Class 

AIHI/AS 
(for  separate 
knots),  gs/km 

Aug  31 

0.52 

2n 

0.52;  0.22 

Sept  1 

12.17 

In 

0.24 

9.48 

In 

0.22;  0.17 

12.40 

In 

O.i 

11.51 

In 

0.62;  0.17; 

0.18 

13.06 

In 

0.45;  0.22 

12.53 

In 

0.56;  0.62; 

0.17 

13.20 

In 

0.22 

Sept  1 

11.46 

In 

0.34 

Sept  2 

5.48 

3n 

0.45;  0.32; 
0.50;  0.23 

Thus,  the  conclusion  on  the  appearance  of  flares  in  regions  of  large  gradient 
of  vie  longitudinal  field  H  n  remains  justified  also  for  the  total  field:  the  flare  has 
tendency  to  occur  in  regions  of  larger  (greater  than  0.1  gs/km)  gradient  of  the 
absolute  field. 

From  the  study  of  the  maps  in  Figures  24  and  25  (especially  for  Sept  2).  one 
can  suspect  the  connection  between  the  occurrence  of  the  flares  with  field  "wells"  — 
regions  where  the  field  strength  has  a  minimum  or  drops  to  the  noise  level 
~100  to  200  gs.  However,  even  if  we  assume  as  "coincidence"  the  difference  in 
the  location  of  the  flare  from  the  location  of  such  a  well  by  not  more  than  d  »  10  arc  s 
we  do  obtain  the  following  statistics  for  the  second  active  region,  richer  in  the 
sense  of  a  difference  of  locations  of  flares  and  knots: 

Number  of  Coincidences  -j- 
Date  Total  Number  of  Knots 

31  Aug  1966  1/14 

1  Sept  1966  2/10 

2  Sept  1966  2/6 
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We  see  that  at  the  best  (Sept  2),  only  30%  of  the  initial  brightening  of  the  flares 
takes  place  at  distances  of  9  to  10  arcs.  All  others  are  at  a  distance  considerably 
greater  from  these  "wells"  of  the  field  or  zero  regions.  In  a  series  of  cases, 
brightenings  such  as  A  for  Sept  2,  source  B  and  C  for  Aug  31,  do  not  in  general 
have  any  "wells"  in  the  vicinity,  and  the  source  of  A  flares  of  July  6  and  7  occurred 
above  the  region  of  maximum  strength  of  the  absolute  field. 

All  this  points  to  the  absence  of  any  tendency  for  flares  to  occur  in  regions  of 
minimum  or  zero  of  the  field  total  vector,  that  is,  to  the  absence  of  connection  of 
the  flares  with  real  neutral  points  of  the  magnetic  field  of  the  photosphere.  Also, 
one  does  not  find  such  a  connection  for  the  flares  which  occurred  in  the  group  of 
17  to  24  Sept  1963,  studied  by  Moreton  and  Severnyi  (1968).  In  these  cases,  when 
in  the  vicinity  of  the  flare,  there  is  such  a  sharp  drop  of  intensity  as  for  the  source 
B  of  the  July  6  and  7  flares  one  must  rather  suspect  a  connection  of  brightenings 
simply  with  a  very  strong  field  gradient,  although  in  principle  the  possibility  of 
neutral  points  is  not  excluded  in  this  case.  However,  one  would  need  far  too  many 
neutral  points  to  explain  all  the  observed  brightening  of  the  flare  (as  it  was  first 
noted  by  Kiepenheuer,  1965).  On  the  other  hand,  it  is  very  difficult  to  conceive  of  field 
configurations  in  which  the  neutral  point  would  be  located  above  the  region  of  large 
|H  |  in  the  chromosphere. 

Thus,  the  presence  of  strong  transversal  fields  on  the  lines  H  |(  =0,  as  well  as 
the  occurrence  of  flares  in  the  regions  of  large  values  of  |H  |,  makes  us  doubt  the 
idea  of  an  important  role  played  by  the  neutral  points  in  the  appearance  of  solar 
flares. 


6.  PROTON  FLARES  AND  ELECTRIC  CURRENTS. 

AMPERE  FORCE  AND  RADIAL  VELOCITIES 

The  occurrence  of  flares  in  locations  with  a  large  gradient  of  the  longitudinal 
field  and  in  "bifurcation"  regions  —  regions  with  fast,  sometimes  jumpy  (flare  of 
7  July  1966)  variation  of  the  direction  of  the  transversal  field  -  points  again  to 
the  possible  connection  between  the  appearance  of  the  flares  with  locations  of 
strong  electric  field  where  the  current  density 

j  =  7  rot  H 
J  4v 

is  sufficiently  large.  As  in  the  work  of  Moreton  and  Severnyi  (1968),  for  all  the  H_^ 
maps  indicated  in  Table  1,  the  maps  giving  the  distribution  of  the  vertical  current, 
component  jz  from  the  maps  of  Hj_  (1IX,  Hy),  were  calculated  using  a  computer 
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"Minsk- 1."*  These  distributions  were  compared  among  themselves  and  with  the 
location  of  the  flares. 

For  the  first  proton  flare,  the  maps  of  jz  for  July  6  and  7  are  given  in 
Figure  26.  Oily  one  recording  of  for  X6103  is  available  for  the  6th.  Thus  the 


7/s/nts  nm-rrtsrr  a  uu 


.  Figure  26.  Map  of  Electric  Currents  jz  for  July  6  and  7  and 

;  Location  of  the  Flares  (hatched  along  the  inner  edge)  on 

l  Them.  The  jz  unit  is  10"2  gs/km;  (+jz)  =  horizontal  numbers, 

S'  ,-jz) =  vertical  numbers 


♦The  authors  are  indebted  to  T.G.  Buslavskaya  for  performing  the  majority  of 
these  computations. 
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unique  map  of  jz  (Figure  26,  top)  and  for  the  7th,  there  was  one  recording  of  in 
X  6103,  two  in  X  4808,  and  two  in  X  5250.  Recordings  (in  the  morning  in  X6103  and 
two  at  noon  in  X  5250)  are  very  similar  with  the  same  one  in  the  other  two,  but  for 
the  sake  of  illustration,  we  give  this  map  (Figure  26,  bottom).  On  all  three  maps, 
flares  are  shown  which  occurred  on  the  6th  and  the  proton  flare  of  July  7.  The 
study  of  their  location  clearly  shows  a  close  relationship  of  the  source  of  flares  A 
with  the  strongest  current  jz  of  the  same  direction  and  source  B  with  the  strongest 
current  in  the  other  direction.  (Flares  of  July  6  are  better  compared  with  the  map 
of  current  jz  for  July  6.)  The  difference  in  the  location  of  the  center  of  the  bright 
knot  from  jmax  by  6  arc  s  can  be  fully  attributed  to  measurement  errors.  As  to  the 
lower  filament  of  the  B  proton  flare,  it  is  more  correct  to  say  that  it  passes 
through  locations  jmax  since  we  do  not  know  the  locations  of  the  first  brightenings. 

For  the  second  active  region  which  gave  the  proton  flare  of  2  Sept  1966,  the 
picture  is  not  so  simple  (Figure  27)  as  for  the  flares  of  July  6  and  7.  So,  on  Aug  31 
the  sources  of  homologous  flares  A,  B,  and  D  practically  coincide  with  the  locations 
of  the  relative  jmax,  but  the  flares  C  are  clearly  displaced  (approximately  by  10  arc  s) 
eastward  from  the  relative  currents  maximum.  Perhaps,  this  is  the  single  case 
among  all  the  ones  considered  so  far  in  this  work  and  in  the  work  of  Moreton  and 
Sevemyi  (1968)  when  one  observes  a  serious  deviation.  It  is  possible  that  it  occurs 
because  of  the  difference  in  time  of  obtaining  the  map  and  the  time  of  flare  appear¬ 
ance:  flares  which  occurred  close  to  the  instant  of  field  recording,  namely  II  and 
m,  reach  closely  with  their  upper  end  (at  a  distance  <  6  arc  s)  the  region  of  jmax- 
It  is  of  interest  to  note  that  the  B  flares  occur  in  a  very  narrow  interval 
between  positive  and  negative  maxima  of  jz  as  if  they  appeared  at  the  top  of  a  cur¬ 
rent  loop  emerging  from  the  point  -17.6  and  entering  at  point  +17.0. 

On  Sept  1,  positive  and  negative  currents  jz  coincide  well  with  the  source  C  of 
flares  IV  and  V  and  also  source  E  of  flares  I,  II,  and  III,  although  here  there  is  no 
sufficient  data  on  the  values  of  jz  at  the  boundary  E  of  the  map.  For  the  first 
brightenings  and  clouds  I  and  II  of  the  proton  flare  of  Sept  2  (5.48  to  5.25  UT),  the 
picture  is  quite  sharp:  sources  A,  B,  and  C  were  the  first  brightenings  to  occur 
and  correspond  well  to  maximum  values  jz;  however,  it  is  difficult  to  judge  of  small 
brightenings  in  E  since  the  values  of  jz  are  insufficient  here.  If  one  uses  the  data 
of  the  jz  map  for  Sept  1,  then  these  fine  brightenings  in  the  region  E  occurred  near 
the  maximum  values  of  jz.  Thus,  with  the  exception  of  two  sources,  C  for  Aug  31 
and  A  for  Sept  1,  the  remaining  bright  knots  of  flares  coincide  well  with  jmax 
(within  the  measurement  error  limits  of  ~  6 arcs).  Furthermore,  statistics  for  both 
proton  flares  and  flares  preceding  them  are  given  below. 

Period  °ercent  of  Coincidence 

4  to  7  July  1963  6/6 

31  Aug  to  2  Sept  1966  17/23 


gsagSai&asBi: 


w/31/1966  Asat  mm-HMtn 


*  J  l  1  o-l 

9/2/1966  A  5250  !>  SO-tl  MUl 


♦  3  L  '  0  -I 


Figure  27.  Location  of  the  Flares  on  the  Maps  of  jz  for 
the  Second  Active  Region  (Aug  31  and  Sept  1  and  2). 

Notations  same  as  in  Figure  26 

It  follows  from  here  that  not  less  than  74%  of  all  first  brightenings  coincide  with 
the  locations  of  the  relative  mdxumiiv.  In  some  remaining  cases,  where  there 
is  jmax  but  the  flares  did  not  occur,  the  spots  umbra  is  located  where  it  is  most 
natural  to  expect  a  very  strong  rotation  of  and  strong  (at  the  boundary  of  the 
spot)  fields  H^;  these  locations  must  be  excluded.  Taking  into  consideration  these 
extreme  cases,  we  find  for  the  second  active  region  17/82  a  20%  of  cases  where  at 
the  location  of  jmax  the  flare  is  not  recorded  and  there  is  no  spot. 
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However,  one  must  also  consider  that  flares  and  jmax  must  be  compared  only 
in  a  limited  interval  of  time,  approximately  in  the  limits  of  *12  h  when  there  is  no 
strong  variation  of  the  field. 

One  must,  finally,  note  an  interesting  tendency  of  occurrence  of  flare  brighten- 
ings  such  that  at  least  one  of  the  flare  knots  corresponds  to  the  sign  of  jmax,  oppo¬ 
site  to  the  sign  of  all  other  knots,  an  effect  which  was  also  noted  by  Moreton  and 
Sevemyi  (1968). 

Let  us  note  that  the  criterion  of  "strong"  current,  assumed  here,  is  the  same 
as  the  previous  one  by  Moreton  and  Sevemyi  (1968),  namely  the  "strong"  corre¬ 
sponds  to  gradient  >0.1  gs/km  or  to  a  total  current  J  >  ~  5  x  10*1  amps. 

The  recordings  of  longitudinal  H||  and  transversal  Hj^  fields  performed  in  two 
separate  cases,  simultaneously  on  two  levels  (X5250  and  X  6103  -  level  difference 
160  km)  allow  us  to  also  determine  the  transversal  electric  field  i^,  the  compo¬ 
nents  of  which  jx  and  jy  are 


45.  _8Hx 

C  V 


8z 


(13) 


and  can  be  found  from  maps  of  H||  and  H ^  (recorded  one  after  the  other)  for  two 
levels  (A  z  =  160  km).  Calculations  show  that  the  basic  increase  of  jx  and  jy  is 
given  by  the  derivatives  of  with  respect  to  depth  z;  that  is,  the  horizontal  (trans¬ 
versal)  currents  are  determined  by  the  rate  of  change  of  with  depth,  while  the 
vertical  currents  jz  are  determined  by  the  rate  of  change  of  in  the  plane  of  the 
picture.  For  example,  for  one  of  the  characteristic  points  of  the  maps  of  current 
jj^  for  7  July  1966  obtained  from  recordings  in  X  6103  (5.30  to  6.00  UT)  andX  5250 
(9.08  to  9.30  UT),  we  have 


jx  =  +2.37, 

8Hz 

ay 

=  -0.046  , 

jy  •  -4.37, 

8H 

z 

ax 

=  0.0040 , 

that  is,  the  main  contribution  to  is  provided  by  the  gradients  8Hy/dz  and  8Hx/8z. 
In  general,  for  the  majority  of  points  one  obtains  on  the  average. 
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8H.,  9H  m 

_ a  _ _ i _ 5 

81  9x  8y 

8Hi  8H  8H 

-  —  —  -  -  X  M  X 

8j_  ”  8x  3y 

8Hi  8H  3H 

_ i  ;  —X  ~ _ J 

8 1|  9z  dz 


-°°  &8 —  =  0.04  gs/km  =  0  (10-2  gs/km)  , 
5x  lO^km 


8H  8H 
_Z  _Z 
8x  8y 


2000  gs —  _  q_4  gg/km  =  0(10  *  gs/km)  , 
5x  10J  km 


=  4  gs/km  =  0(1  gs/km)  . 


(14) 


Thus:  (1)  the  variation  of  the  longitudinal  field  in  the  plane  of  the  picture  is  approx¬ 
imately  ten  times  lower  than  that  of  the  transversal  field  which  is  a  natural  conse¬ 
quence  of  a  large  inhomogeneity  of  the  transversal  field  rather  than  of  the 
longitudinal  (for  example,  in  the  spot,  Hj^  turns  by  180  deg  within  only  a  few 
seconds,  while  H||  smoothly  reaches  the  maximum);  and  (2)  the  variation  of  the 
transversal  field  with  depth  ~  1  gs/km,  as  it  is  known  from  a  series  f  works 
including  that  of  Guseinov  (1970),  is  considerably  stronger  than  the 
variation  in  the  plane  of  the  picture  and  indicates  a  large  field  inhomogeneity  with 
depth.  This  inhomogeneity  auo  follows  from  the  strong  rotations  of  the  vector 
in  separate  locations  of  groups  of  spots  (see  works  by  Sevemyi,  1964a).  Consider¬ 
ing  the  given  situation,  it  results  in  the  fact  that  the  horizontal  current  densities 
jj^  must  be  greater  by  an  order  of  magnitude  than  the  vertical  ones  jz.  However, 
since  the  dimensions  of  the  regions  occupied  by  the  currents,  approximately  107  cm 
is  about  ten  times  smaller  than  the  regions  occupied  by  the  jz  currents,  then  the 
total  current  J  =  Sj  (S  is  the  region  area)  is  of  the  same  order  in  both  cases. 

In  practice,  the  map  of  j  ^  is  obtained  as  follows:  first,  *>e  maps  of  jx  and  jy 
are  made  using  reliable  relationships  (with  an  accuracy  of  abou.  1%)  ( A  z  =  160  km) 


8H 


Jx=  ' 


4» 


* 


(15) 


then  one  finds  the  value 


(16) 


(usually  in  units  of  0.5  x  10'2  gs/km)  and  the  map  of  the  distribution  of  the  vector 
j^  having  projections  Eq.  (15)and  length  Eq.  (16).  Themapofjj_  for  July  7  is  shown  in 
Figure  28.  The  location  of  two  large  (A  and  B)  clouds  of  the  proton  flares  at 
0.44  UT  is  also  given  there.  In  the  picture  of  the  horizontal  electric  currents,  the 
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Figure  28.  Map  of  Transversal  Fields  jx  for 
July  7  and  Location  on  ft  of  Clouds  of  the  A  and 
B  Proton  Flares  (hatched) 


contact  of  opposite  currents 
in  the  middle  of  the  map  at 
the  location  of  occurrence  of 
the  proton  flare  is  character¬ 
istic.  ft  is  possible  that  two 
or  three  gigantic  loop  currents 
merge  there  as  is  schemat¬ 
ically  shown  on  Figure  28  by 
large  arrows. 

The  picture  of  transver¬ 
sal  fields  in  the  active  groups 
will  be  considered  later  in 
more  detail.  We  show  here 
the  possibility  and  the  useful¬ 
ness  of  such  a  study,  in  par¬ 


ticular  for  the  understanding  of  those  forces  which  can  act  on  the  flare  plasma 


from  the  side  of  the  magnetic  field.  Indeed,  knowing  the  components  jx  and  jy  of 
the  current,  one  can  compute  the  vertical  component  of  the  force  F  =  j  x  H,  which. 


according  to  Eq.  (15),  will  be: 


Fz  =  JxHy-iyH*W"ft 


r  8Hv  8Hxl 
[Hyl£  +  HxlifJ 


c  &  /t»2  .  rj2\  _  c  8  *j2 
’  8*'8z  'x  Hy'  ”  ~T5ir  0z  H1 


2 

The  value  =  pm  is  the  magnetic  pressure.  In  the  plane  of  the  picture,  the 

positive  x-axis  is  directed  to  the  left,  and  the  y-axis  downwards  so  that  the  positive 
z  axis  is  directed  outwards,  along  the  radius  of  the  Sun.  Therefore,  if  the  gradient 
of  the  magnetic  pressure 


H2x(z2)  -  H  j_  (zx) 


z2>zl 


is  negative  (pressure  at  the  lower  level  greater  than  at  the  upper),  then  the  force 
dpjjj/dz  <  0  is  against  the  gravitational  force  (-dp/dz  =  gp  in  our  case),  and  Fz, 
according  to  Eq.  (17),  is  positive;  that  is,  for  Fz  >  0  the  force  is  directed 
upwards  (away  from  the  surface  of  the  Sun),  and  for  Fz  <  0  the  force  is  directed 
downwards  (towards  the  surface  of  the  Sun).  The  maps  of  for  two  levels  A  5250 
(bottom)  and  A  6 103  (top)  are  practically  calculated,  and  the  map  of  Fz  is  then  made, 
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which  i«  shown  in  Figure  29  for  July  7;  there  the  location  of  the  proton  flare  is 
also  shown.  The  regions  of  force  acting  downwards  are  found  at  the  ends  of  the 
extended  clouds  of  the  flare,  when  in  the  middle  of  these  filaments  the  force  acts 
upwards  so  that  the  flare  filaments  intersect  the  line  Fz  =  0.  This  shows  that  the 
middle  portion  of  the  flare  can  ascend,  when  both  ends  descend;  that  is,  a  motion 
can  occur  which  is  in  fact  frequently  observed  in  the  flares  on  Hg  films,  as  well 
as  spectroscopically,  such  as  flow  of  matter  along  the  arcs  for  a  certain  lifting  of 
the  arc.  Analogous  motions  are  similarly  observed  in  loop  prominences.  Further, 
simple  calculations  show  that  the  force  Fz  in  the  region  of  the  flare  is  approxi¬ 
mately  ten  times  greater  than  the  gravitational  force  or  the  gradient  of  the  gas 
pressure. 


Figure  29.  Location  of  Proton  Flare  on  the  Fz  Map  for 
July  7  (hatched  along  the  inner  edge).  Fz  line  is  dashed; 
v  |  =  0  line  is  dotted 


It  is  of  interest  to  compare  the  distribution  of  the  sign  of  the  force  Fz  and  the 
sign  of  the  radial  velocity  recorded  simultaneously  with  the  recording  of  the  longi¬ 
tudinal  field  (5.1"  to  6.25  UT).  Recording  of  Fz  relates  to  the  average  moment, 
somewhat  later  (5.30  to  0.30  UT).  The  difference  of  the  average  times  (5.46  and 
7.30  UT)  of  both  recordings  can  have  a  substantial  value  because  of  the  periodic 
pulsations  and  faster  velocity  variations  with  t'me  than  those  of  the  field.  The 
comparison  shows  that  the  region  of  tne  positive  force  Fz  and  rise,  in  general,  can 
be  superimposed  even  though  there  are  deviations.  However,  this  interesting 
question  must  be  studied,  making  use  of  a  large  number  of  data  specially  obtained 
for  this  purpose. 
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7.  CONCLUSIONS 

The  present  article  is  the  seventh  of  the  works  performed  in  the  past  ten  years 
at  the  Crimean  Astrophysical  Observatory  on  the  study  of  magnetic  fields  associ¬ 
ated  with  solar  flares.  Previous  investigations  have  included  the  works  by 
Sevemyi  (1958,  1960  and  1964b)  (based  only  on  the  investigation  of  longitudinal 
fields),  Howard  and  Sevemyi  (1963),  Moreton  and  Sevemyi  (1968),  and  Gopasyuk 
etal.  (1963a).  It  will  be  perhaps  appropriate  to  review  the  results  of  this  10-year 
study,  since  in  the  majority  of  the  cases  the  latest  works  repi  oduced  to  a  signifi¬ 
cant  degree  in  the  new  material  the  results  obtained  earlier.  Furthermore,  analo¬ 
gous  investigations  which  took  place  at  home  and  abroad  together  with  the 
verification  of  the  previously  obtained  results  have  made  a  substantial  contribution 
which  has  influenced  the  further  development  of  our  work. 

Spectroscopic  and  cinematographic  investigations  of  flares,  "moustaches",  and 
other  non-stationary  phenomena  (performed  from  1948  to  1956  at  the  CrAO)  led 
from  1956  to  1957  (Severnyi,  1956  and  1957)  to  the  conclusion  that,  in  speaking  of 
energy  in  the  atmosphere  of  the  Sun,  it  is  difficult  to  find  an  energy  source  other 
than  the  energy  of  the  magnetic  field  capable  of  providing  the  actually  observed 
energy  radiation  during  flares  in  the  form  of  cosmic  ray  energy  as  well  as  mechan¬ 
ical  energy,  thermal  energy,  and  radiation  energy  (up  to  10  22  ergs  per  flare). 

This  made  one  begin,  in  1957,  the  search  for  a  relationship  of  the  flares  with  the 
actually  measured  magnetic  fields  on  the  Sun.  The  fac+  itself  of  the  appearance  of 
flares  almost  exclusively  in  groups  of  spots  -  these  basic  carriers  of  solar  mag¬ 
netism  —  is  a  deciding  factor  in  behalf  of  such  a  relation.  (Even  though  later  cases 
were  found  of  the  appearance  of  flares  outside  of  spot  groups,  those  were  always 
regions  of  increased  field  strength.)  Systematic  (from  1957)  discrete  measure¬ 
ments  cf  the  magnetic  field  of  individual  spots  as  well  as  systematic  total  scanning 
of  the  active  regions  by  means  of  a  magnetograyn  were  considered  extremely 
important.  Indeed,  they  allowed  us  to  collect  a  unique  material  which  accounts  at 
the  present  time  for  no  less  than  800  recordings  of  the  magnetic  field  in  the  active 
regions,  particularly  where  the  flares  occurred.  Only  a  small  portion  of  this 
material  was  analyzed  and  studied  in  the  previously  mentioned  seven  works  and 
also  in  the  works  by  Martrej  et  al.  (1968b). 

First,  (in  1957)  when  one  had  only  the  data  on  the  longitudinal  fields  and  Ha 
cine' films,  it  was  found  that  Hares  occur  very  close  to  the  zero  line  h^  =0,  or 
coincide  with  the  line  of  separation  of  polarities  if  in  the  vicinity  there  are  at  least 
three  poles  (hills  H |(  )or  spots  of  different  polarities.  At  this  time,  it  was  also 
discovered  that  after  the  flare,  the  isogauss  density  in  the  region  of  the  flare 
decreases,  the  magnetic  structure  seems  to  be  expanding,  and  the  density  of  lines 
of  force  decreases.  Ten  years  later,  analogous  effects  for  the  flares  of  21  and 
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23  May  1967  were  observed  by  Tandberg-Hanssen  et  al.,  (1968).  In  1959  (Sevemyi, 
1960b)  verified  a  close  relationship  of  bright  knots  of  flare  61  with  the  line  H||  =  0 
and  large  gradients  >  0.1  gs/km.  From  the  comparison  of  the  magnetic  maps 
of  H  ||  prior  to  and  after  the  flare,  the  analogous  effect  of  simplifying  the  structure 
of  the  field,  of  decreasing  the  field  gradients  from  values  _>  0.1  gs/km  prior  to  the 
flare  to  values  of  about  0.01  to  0.02  gs/km  after  it  for  seven  out  of  eight  flares 
was  found. 

In  the  following  work,  Gopasyuk  et  al.  (1963b)  have  studied  the  location  of  51 
powerful  flares  in  groups  of  spots  with  measured  field  strength  prior  to  and  after 
the  flare.  Data  of  location,  field  strength,  and  areas  of  spot  allowed  us  to  also 
analyze  the  values  of  the  field  gradients  near  the  neutral  point  of  a  certain  equiva¬ 
lent  dipole  configuration  having  properties  similar  to  those  of  the  actual  group  of 
spots.  (The  comparison  criteria  were  based  on  tne  facts  that  such  properties  of 
the  actual  field  as  th_  distribution  of  the  field  strength  and  inclination  of  the  field 
vector  in  real  spots  are  similar  to  those  which  are  typical  for  dipoles  or  solenoids, 
if  one  decreases  the  scale  of  distances  by  10®  to  10^  times,  and  the  intensities  by 
approximately  ten  times  when  going  from  the  Sun  to  the  laboratory.)  hi  the  works 
of  Gopasyuk  et  al.  (1963b)  the  statistical  dependency  of  the  power  of  the  flare  on 
these  gradients  was  found:  gradients  greater  than  0.1  gs/km  were  found  typical 
for  all  proton  and  strong  flares,  rhis  dependency  was  utilized  for  prognosis  of 
flares  which  significantly  helped  in  the  selection  of  the  periods  of  more  frequent 
measurements  of  magnetic  fields  before  and  after  the  flares. 

A  close  relationship  of  the  flares  with  high  field  gradient  was  then  found  at  the 
Meudon  observatory,  where  instead  of  the  gradient  one  used  the  ratio  d/D  (d  is  the 
distance  between  the  spots,  D  is  the  diameter  of  the  spot)  (Avignon  et  al.,  1964, 
1966;  Caroubalos,  1964).  Only  very  recently  this  relationship  was  also  ascertained 
by  extensive  investigation  (Smith  and  Ramsey,  1967)  at  the  Lockheed  observatory. 

The  location  of  flares  that  we  found  (Severnyi,  1958  and  19b0b)  near  the  zero 
line  H  ||  =  0  between  hills,  poles  (spots)  of  opposite  polarity  (which  leads  to  a  large 
gradient  of  the  field  in  the  region  of  flare)  has  revived  a  number  of  attempts  to 
explain  flares  as  a  result  of  plasma  instability  in  the  region  of  neutral  poirts, 
occurring  either  during  the  shifting  of  "sources"  of  the  field  —  poles,  or  increase 
of  their  intensity  or  <  her  reasons  (see  Severnyi,  1958;  Sevemyi  and  Shebanskii 
1961;  Stvernyi,  1962a;  Sirovatskii,  1966);  even  before  the  actual  measurements  of 
the  field,  such  an  idea  was  first  expressed  in  the  works  of  Sweet  (1958).  It  was, 
however,  shown  (Parker,  1963)  that  the  mechanism  of  Joule  losses  under  any 
processes  in  the  vicinity  of  neutral  points  is  non -efficient.  The  possibilities  of 
dynamic  dissipation  of  the  field  near  the  neutral  point  are  proposed  Li  the  works  of 
Sirovatskii  (1966).  The  development  ot  the  hypothesis  of  neutral  points  continues 
to  remain  the  center  of  attention  up  1o  now  (Sirovatskii,  1968). 
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However,  Michard  et  al.  (1961),  by  means  of  direct  spectral  measurements 
and  independently  from  the  works  of  Severny!  (1964b)  and  (1962b)  by  means  of  a 
magnetograph,  observed  first  strong  transversal  fields  in  the  region  of  occurrence 
of  ilares,  even  if  they  lay  on  the  line  H||  =  0.  It  was  found  that  the  transversal 
fields  Hj^,  as  well  as  the  filament  st.nicture  of  the  chromosphere  in  the  line  Ha  , 
which  well  reflected  the  structure  of  those  fields  at  the  locations  of  solar  flares 
(Severnyi,  1962b)  reveal  intersection  or  "merging"  of  fields  of  different  directions, 
the  contacts  of  the  oppositely  directed  vectors  Hj_,  and  other  similar  features 
called  "bifurcations"  (Severnyi,  1964b).  It  was  found  by  Moreton  and  Severnyi, 

(1968)  that  the  connection  of  the  flares  with  regions  of  such  peculiar  behavior  of 
the  transversal  field  is  as  close  as  it  is  with  the  line  H|j  =  0.  Furthermore,  in  the 
works  of  Severnyi  (1964b)  and  Moreton  and  Severnyi  (1968),  it  was  found  that  the 
flares  appear  simultaneously  in  the  form  of  several  bright  spots  -  knots  in  differ¬ 
ent  locations  of  the  active  region  (which  was  known  earlier),  but  such  that  these 
points  are  located  in  regions  of  opposite  polarity.  And  if  the  significant  part  of 
them  adjoins  to  the  neutral  line,  then  the  remaining  ones  occur  in  the  region  of 
strong  longitudinal  field,  sometimes  near  or  at  the  top  of  the  magnetic  hill  H|( 
(boundary  of  the  spot  nucleus). 

Similar  cases  are  well  expressed  on  21  and  22  June  1962  (Severnyi,  1964b) 

17  Sept  1963  (Moreton  and  Severnyi,  1968),  6  July  1966  (source  B),  2  Sept  1966 
(source  B)  in  the  present  work  and  in  a  series  of  other  cases.  These  results  were 
ascertained  by  a  very  large  amount  of  material  on  57  active  regions  comprising 
75  flares  in  the  works  of  Martres  et  al.  (1966).  iThe  present  work  ascertains  again 
and  completes  this  picture,  showing  that  there  is  no  connection  between  the  flare 
location  not  only  with  real  neutral  points  of  the  total  magnetic  field,  but  even  with 
relative  minima  of  this  field  -  "wells"  of  the  field,  as  it  was  expected  from  the 
theory  developed  by  Wentzel  (1964). 

Thus,  the  collection  of  the  observational  datr  obtained  so  far  leads  us  to  take 
a  critical  view  of  the  theory  on  the  connection  of  the  flares  with  instability  in 
neutral  points,  which  we  have  some  time  ago  actively  defended  (Severnyi,  1958; 
Severnyi  and  Shebanskii,  1961;  Severnyi,  1962a),  and  which  is  being  actively  devel¬ 
oped  by  Sirovatskii  (1968);  it  encounters  very  serious  difficulties  (see  Parker,  1968). 

At  the  same  time,  in  the  present  work  again  as  well  as  in  the  work  of  Moreton 
and  Severnyi  (1968),  the  connection  of  flares  with  the  electric  currents  calculated 
from  Maxwell's  equation  j  =  (c/4w)  rot  H  from  measured  transversal  fields 
becomes  apparent.  From  the  measurements  of  transversal  fields  at  two  levels  we 
obtain  (truly,  only  the  first  yet)  indication  that  the  flare  can  occur  in  a  region  where 
oppositely  flowing  currents  merge  (in  the  horizontal  plane)  on  the  "neutral"  line  of 
the  electric  field.  These  facts  in  general  are  much  close  to  the  theory  of  flares, 
developed  lately  by  Alfv&n  and  Carlqvist  (1967)  rather  than  to  any  other  theory. 
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ft  was  somewhat  different  with  the  second  side  of  the  problem  —  variation  of 
the  magnetic  fields  connected  with  the  flares,  since  our  results  from  1957  to  195 ^ 
(Severnyi,  1958  and  1960b)  were  subjected  to  doubts  in  1966  by  Howard  and  Babcock 
(1960)  because  of  the  example  ofthe  proton  flare  of  importance  3+  (16  July  1959):  based 
on  die  quantitative  consideration  of  the  oscilloscopic  shots  of  the  field  in  the  region 
of  this  flare,  one  did  not  find  variations  in  shape  and  location  of  the  basic  hills 
after  its  occurrence.  However,  the  following  study  of  10  Crimean  recordings  of 
the  fields  related  to  the  same  flare  from  14  to  18  July,  performed  by  Howard  and 
Severnyi  (1963),  has  shown  very  strong  variations  of  field  and  energy  Hjjv/8v 
gradients  (see  Sec.  3),  comparable  to  those  which  were  observed  for  the  flare  of 
7  July  1966.  ft  turns  out  that  all  changes  of  gradients  occurred  in  such  a  small 
region  that  i?  comprised  of  a  negligible  part  of  that  resolution  (23  arc  s  x  23 arc  s), 
with  which  the  field  was  recorded  at  the  Mount  Wilson  Observatory  (resolution  of 
our  recordings:  2.5  arc  s  X  4.5  arcs).  Furthermore,  all  field  strength  variations  took 
place  in  the  regions  of  high  values,  far  exceeding  that  limit  (100  gs)  above  which 
the  Mount  Wilson's  recordings  were  located  in  the  scale  region.  However,  in 
practice  simultaneously  with  the  work  of  Klepenheuer  (1965),  reports  appeared 
(Evans,  1959;  Chistyakov,  1959;  Vasil'eva,  1961;  Leroi,  1962)  which  substantiated 
the  variations  of  magnetic  fields  connected  with  flares.  In  the  works  of  Michard 
et  al.  (1961),  the  temporary  arop  of  field  gradients  was  noted  and  it  was  indicated 
that  after  the  flare,  the  prior-to-the-flare  values  were  re-established.  On  the 
variations  of  the  magnetic  fields  of  the  "relaxation"  type,  decrease  of  the  area 
occupied  by  the  given  isogauss  in  connection  with  the  flares  was  also  reported  by 
Deubner  (1965). 

Finally,  quite  recently,  a  preliminary  report  appeared  on  the  variation  of  the 
magnetic  energy  in  connection  with  flares  of  the  type  measured  by  us  in  the  works 
of  Howard  and  Severnyi  (1963)  and  Severnyi  (1968).  Namely,  in  certain  active 
regions  30m  prior  to  the  flare,  one  observed  the  increase  of  the  magnetic  energy 
of  the  active  region  and  its  drop  to  the  pre -flare  value  approximately  half  an  hour 
after  the  flare  (Rust,  1968). 

Quite  evident  proofs  of  variations  of  the  field  gradients,  magnetic  fluxes  and 
field  energy  obtained  in  the  present  work  for  7  July  and  2  Sept  1966  flares  do  not 
only  ascertain  again  the  results  that  we  have  obtained  previously,  but  in  our 
opinion,  contain  (mentioned  first  in  the  works  of  Severnyi,  1968)  information  on  the 
variation  of  the  resulting  magnetic  flux  through  the  active  region.  These  varia¬ 
tions  of  the  magnetic  induction  flux  lead  to  the  emf  in  the  contour,  surrounding  the 
active  region,  of  exactly  that  order  which  is  actually  observed  in  protons,  genera¬ 
ted  by  powerful  flares.  Fortunately,  this  result  did  not  turn  out  to  be  unique. 
Simultaneously  with  our  report  (in  July  of  1967,  COSPAR  in  Sept  1967,  Budapest) 
Martres  et  al.  (1968)  have  made  a  report  which  gives  the  example  of  the  change  of 
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sign  of  the  imbalance  Fg  -  Fpj  connected  with  the  flares  of  28  Sept  through  5  Oct 
1965.  Further,  when  this  work  was  completed,  the  work  of  Martres  et  al.  (1968) 
was  published  in  which  the  authors  have  qualitatively  reached  the  same  result. 
Based  on  the  review  of  extremely  abundant  material  —  photoheliograms  of  groups 
and  some  isogauss  maps  —  these  authors  have  concluded  that  the  flares  are  con¬ 
nected  with  the  fact  that  the  area  (and  the  magnetic  flux)  of  one  of  the  opposite 
polarities  increases  and  the  other  decreases.  It  is  true  that  the  authors  cannot  say 
anything  quantitatively  either  on  what  is  the  flux  prior  to  and  after  the  flare  or  even 
what  is  the  sign  of  the  flux  difference,  since  they  based  their  work  on  the  measure¬ 
ments  of  the  area  of  the  umbra,  spot  nuclei,  which  as  is  shown  in  Sec.  3,  can  lead 
to  an  incorrect  (in  the  sense  of  sign  and  magnitude)  result.  However,  the  qualita¬ 
tive  result  of  Martres  et  al.  (1968)  —  variation  of  the  flux  in  connection  with  the 
flare  -  does  not  raise  any  doubt.  At  the  same  time,  for  ten  quiet  groups,  without 
flares,  the  balance  of  fluxes  of  opposite  polarities  is  apparently  quite  well  con¬ 
served  (Stenflo,  1968),  if  these  groups  are  not  in  the  stage  of  development  or  decay. 

Thus,  a  strong  change  of  the  magnetic  induction  flux  through  the  active  region 
is  apparently  one  of  the  effects  with  which  the  flares  are  closely  connected  — 
effects  indicating  the  possibility  of  formation  of  powerful  emf  and  currents,  capa¬ 
ble  of  generating  cosmic  rays.  At  the  same  time,  this  effect  points  to  the  fact  that 
in  order  to  equate  currents  connected  with  these  emf's,  according  to  Maxwell's 
equation 

1  A  <f> 

<Eds  =  7  At-  j=oE- 

with  these  currents,  which  are  dictated  by  the  variations  of  the  gradients  of  the 
field  and  the  other  basic  Maxwell  equation 


2  Q 

we  must  lower  the  conductivity  c  hy  10  to  10J  times,  a  fact  whi<  h  was  repeatedly 
indicatea  by  theoretical  considerations  (Schroter,  1964,  Kopecky  and  Kuklin,  1966). 
With  these,  in  the  case  of  strong  flares,  the  electric  field  intensities  turn  out  to  be 
an  orde  '  of  magnitude  greater  than  those  which  are  expected  based  on  the  actual 
measurements  of  velocity  of  motion  of  the  solar  plasma  across  the  magnetic  field 
l/c[vx  H]  (Gopasyuk,  1964  and  1967b).  In  its  turn,  a  substantial  decrease  of  con¬ 
ductivity  facilitates  the  effect  of  the  explosion  mechanism  of  the  current  column 
which  was  indicated  by  Alfven  and  Carlqvist,  (1967).  One  must  also  point  attention 
to  the  fact  that  the  densities  of  transversal  current  are  at  least  an  order  of 
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magnitude  higher  than  those  for  the  longitudinal  fields.  Therefore,  the  conditions 
of  realization  of  the  mechanism  (Alfven  and  Carlqvist,  1967)  extend,  possibly,  over 
the  photosphere  region.  However,  the  study  of  transversal  currents,  as  well  as 
that  of  electromagnetic  force  has  also  been  started  in  this  work  and  must  be 
continued. 
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